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for preoperative scrubbing 
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BETADINE Surgical Scrub was chosen by 
NASA for decontamination procedures in 
Apollo 11/12/14 splashdowns. Another 
BETADINE microbicide was chosen by NASA 
for disinfection of certain equipment in the 
Skylab and for contingencies. 


In clinical practice, BETADINE Surgical Scrut 
is an unsurpassed, microbicidal, liquid 
cleanser for preoperative scrubbing by the 
surgical team, and for general skin 
degerming. 


m Microbicidal, not merely bacteriostatic. 
= Broad-spectrum microbicidal action—kills 
both gram-positive and gram-negative 
bacteria (including antibiotic-resistant 
strains), fungi, viruses, protozoaand yeasts 
| œ Microbicidal effect is achieved with 
each usage without waiting fora 
cumulative build-up. 


m Rich golden lather is virtually 
nonirritating and nonstaining 
to skin and natural fabrics. 
(Inthe rare instance of loca 
irritation or sensitivity, 
discontinue use in the 
individual.) 
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Surgical nutrition—a case history: 
giant esophageal diverticulum; surgical treatment followed - 


by esophagocutaneous fistula 


Management of medical-surgical problems frequently 
requires a multifaceted approach—each facet contribu- 
ting to the patient’s outcome. The following case history 
demonstrates the allied roles of surgical management 
and sound nutritional support. 


The patient: A 72-year-old man with a history of severe 
dysphagia was admitted to the hospital because his com- 
plaint had become markedly worse in the past few 
months. He could hardly swallow and regurgitated a 
| considerable portion of what he did manage to eat. 


Thin almost to the point of emaciation, he was 68 
inches tall and weighed 126 pounds. The patient was 
well below his desirable weight. 

X-ray studies showed a massive cricopharyngeal di- 
verticulum, extending down to the level of the aortic 
arch. No other abnormal conditions were found. 


Surgical treatment: At operation the opening at thé 


back of the esophagus was found to be about 2 inches 
in diameter. Extremely dense adhesions surrounded the 


diverticulum, and resection was accomplished only with | 
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considerable difficulty. The excised tissue showed evi- 
dence of chronic inflammation, but no tumor was seen. 
A Levin tube was threaded through the esophagus under 
direct vision, and a Penrose drain was placed in the 
incision. The patient withstood the procedure very well. 


Postsurgical course: For 3 days following the surgery, 
the wound seemed to heal normally; the patient was 
swallowing well, and his condition improved daily. 
However, when the Penrose drain was removed, an in- 
flamed fistulous tract was discovered in the wound. An 
antibiotic and streptokinase-streptodornase were ad- 
ministered. Drainage from this opening continued for 
about 10 days. 


Nutritional management: Inability to eat had caused 
deterioration of the patient's nutritional status as evi- 
denced by gross weight loss. To provide for an optimal 
nutritional condition to meet increased postsurgical 
metabolic needs, Vivonex High Nitrogen was used and 
clear liquids were given as desired. Postoperatively, the 
patient experienced no weight loss. His nutritional 
status was greatly improved. 


Outcome: Surgical results were good as demonstrated 
through regained normal function of the esophagus. 
With the aid of drug therapy, the postsurgical fistula 
closed spontaneously. When discharged the patient was 
in excellent condition, nutritionally stable, able to take 
a full diet and rapidly regaining weight. 
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Nutrition to meet a challenge 


Vivonex High Nitrogen and Vivonex Standard pro- 
vide balanced elemental nutrition with no indigestible 
matter. 


Both consist entirely of the essential nutrients: pure 
amino acids, simple carbohydrates, vitamins, minerals 
and a small amount of essential fat...all rapidly and 
completely absorbed in the upper small intestine 


Both are free of whole protein, peptides and pep 
tones... free of milk and milk by-products 


Vivonex High Nitrogen...the first oral hyper- 
alimentation. It helps restore positive nitrogen bal 


ance; helps prevent protein wastage 


Vivonex Standard is supplied in boxes containing six 80-gram 
packets providing 1800 Calories, 5.88 grams of useable nitro- 
gen (equivalent to 36.75 grams of useable protein) and a full 
day's balanced nutrition. It 7s now available unflavored (may 
be flavored to each patient's taste; ideal for tube feeding), and 
in the six original palatable flavors: Orange, Vanilla, Grape 
Chocolate, Strawberry, Beef Broth 


Vivonex High Nitrogen is supplied in boxes containing ten 
80-gram packets of unflavored water-soluble powder providing 
3000 Calories, 20 grams of useable nitrogen (equivalent to 
125 grams of useable protein) and a full day's balanced nu- 
trition, including the Recommended Daily Allowances of 
vitamins and minerals 








Standards for the new kind of nutritior 


Vivonex’ Standard 


the orzginal chemically defined elemental 
standard food/soluble powder 


Vivonex High Nitrogen 


the original chemically defined elemental 
high nitrogen food/soluble powder 


TM ®Originators of chemically defined diets 
Eaton Laboratories 
division of Morton-Norwich Products, Inc. 
Norwich, New York 13815 
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Chronic disease... requires 
constant medication...often 
several different drugs... 







A number of drugs may interfere 

with the regular bowel action... antacids, 
anticholinergics, narcotics, 
antispasmodics, barbiturates, 
antihypertensives, antidepressants, 
tranquilizers... and many others... 


SENOKOT Tablets or Granules effectively 
counteract drug-induced constipation... 
do not interfere with primary medication 
...act gently and predictably. 


Supplied: SENOKOT Tablets (small, 
easy-to-swallow) —Bottles of 50 and 100. 
SENOKOT Granules (delicious, cocoa- 
flavored)—4 ,8 and 16 ounce (1 Ib.) caniste 


(standardized senna concentrate ) 
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pHisoHex? 


sudsing antibacterial soapless skin cleanser 

pHisoHex contains a colloidal dispersion of hexa- 
chlorophene 396 in a stable emulsion consisting of 
entsufon (sodium octylphenoxyethoxyethyl ether sul- 


fonate) 5096, petrolatum 796, lanolin cholesterols 
0.7%, methylcellulose, polyethylene glycol, poly- 
ethylene glycol monostearate, lauryl myristyl dietha- 
nolamide, sodium benzoate, and water. pH (5.0 to 
6.0) is adjusted with hydrochloric acid. All ingre- 
dients w/w. 

Actions: pHisoHex has bacteriostatic action against 
staphylococci and other gram-positive bacteria. Cu- 
mulative antibacterial action develops with repeated 
use. 

Ihdications: pHisoHex is indicated for use as a sur- 
gical scrub and a bacteriostatic skin cleanser. It may 
also be used for washing to control an outbreak of 
gram-positive infection in the nursery when good 
hospital practice has been inadequate as a total pro- 
gram of infection control. It should be used only as 
long as necessary for infection control. (See Warnings.) 
Contraindications: pHisoHex should not be used on 
burned or denuded skin. It should not be used as an 


«e Occlusive dressing, wet pack, or lotion. It should not 


be used routinely for prophylactic total body bathing. 
It should not be used as a vaginal pack or tampon, 
or on any mucous membranes. pHisoHex should not 
be used on persons with sensitivity to any of its com- 
ponents. It should not be used on persons who have 
demonstrated primary light sensitivity to halogen- 
ated phenol derivatives because of the possibility of 
cross-sensitivity to hexachlorophene. 

.Warnings: RINSE THOROUGHLY AFTER USE, espe- 
«cially from sensitive areas such as the scrotum and 
perineum. 








ontains a colloidal dispersion of hexachlorophene 3% in a stable emulsion consisting 
of entsufon (sodium octylphenoxyethoxyethyl ether sulfonate) 50%, petrolatum 7%, 


pHisoHex? 


lanolin cholesterols 0.7%, methylcellulose, polyethylene glycol, polyethylene glycol 
monostearate, lauryl myristyl diethanolamide, sodium benzoate, and water. 
pH (5.0 to 6.0) is adjusted with hydrochloric acid. All ingredients w/w. 


Infants, especially premature infants or those with 
dermatoses, are particularly susceptible to hexa- 
chlorophene absorption. Systemic toxicity may be 
manifested by signs of stimulation (irritation) of the 
central nervous system, sometimes with convulsions. 
Vacuolization has been reported, with a symmetrical, 
rostrocaudal distribution in the brainstem reticular 
formation of premature infants of low birth weight, 
especially those with skin rashes and wounds, who 
were washed with 3% hexachlorophene. However, the 
clinical correlates of such vacuolization have not been 
established since these infants also had critical 
clinical conditions or pathologic findings of inde- 
pendent etiology. 

When preparations containing hexachlorophene are 
left in contact with burned or denuded skin or mu- 
cous membranes, sufficient hexachlorophene may be 
absorbed to cause toxic symptoms. 

PHISOHEX SHOULD BE DISCONTINUED 
PROMPTLY IF SIGNS OR SYMPTOMS OF CERE- 
BRAL IRRITABILITY OCCUR. Experimental and 
clinical evidence indicates that hexachlorophene tox- 
icity is reversible. 

In a small number of reported cases, fatal intoxica- 
tions from hexachlorophene have occurred. These 
cases include misuse of 396 hexachlorophene on 
burned skin, or exposure to a powder accidentally 
containing approximately 6.5% hexachlorophene. 
Examinations of brain tissue in some of these cases 
revealed vacuolization like that which can be pro- 
duced in newborn experimental animals following re- 
peated topical application of 396 hexachlorophene. 
pHisoHex is intended for external use only. If swal- 
lowed, pHisoHex is harmful, especially to infants 
and children. pHisoHex should not be poured into 


Why pHisoHex ? 


pHisoHex contains 3% hexa- 
chlorophene with cumulative 
antibacterial action on the 
hands, unique among anti- 
bacterial agents. 


Why is this important? 


pHisoHex continues to protect 
during the interim between 
scrubs if used regularly as 
directed. 


Is there an alternative? 


While more frequent washing 
with other agents is an alter- 
native, it is not a practical one 
for prolonged surgery. 


But there's no need for an 


alternative! 

Nonalkaline, hypoallergenic 
pHisoHex is clearlv indicated 
for staphylococci and other 
gram-positive bacteria as a 
bacteriostatic hand cleanser 
and surgical scrub. Rinse 
thoroughly after use. 


measuring cups, medicine bottles, or similar con- 
tainers since it may be mistaken for baby formula or 
other medications. 

Precautions: pHisoHex suds that get into the eyes 
accidentally during washing should be rinsed out 
promptly and thoroughly. 

Adverse Reactions: Dermatitis and photosensitivity. 
Sensitivity to hexachlorophene is rare; however, per- 
sons who have developed photoallergy to similar 
compounds also may become sensitive to hexachloro- 
phene. 

In persons with highly sensitive skin, the use of 
pHisoHex may at times produce a reaction charac- 
terized by redness and/or mild scaling or dryness, 
especially when it is combined with such mechanical 
factors as excessive rubbing or exposure to heat or 
cold. . 
Treatment of Accidental Ingestion: The accidental 
ingestion of pHisoHex in amounts from 1 to 4 oz. has 
caused anorexia, vomiting, abdominal cramps, diar- 
rhea, dehydration, convulsions, hypotension and 
shock, and in several reported instances, fatalities. 
The stomach should be evacuated by emesis or lav- 
age followed by 2 oz. of olive oil or vegetable oil and 
then by a saline cathartic with symptomatic and sup- 
portive treatment as indicated. See package insert 
or PDR for details. 

How Supplied: pHisoHex is available in unbreakable 


plastic squeeze bottles of 5 ounces, 1 pint, plastic 
bottles of 1 gallon, and Y4 oz. (8 ml.) unit packets, 
boxes of 50. pHisoHex should not be dispensedefrom, 
or stored in, containers with ordinary metal parts 


| - Winthrop Laboratories 
Winthrop New York, N.Y 40016. 


Notice to Contributors and Subscribers 


The ANNALS or SurcERY considers for publica- 
tion original articles only, papers which offer sig- 
nificant contributions to the advancement of sur- 


gical knowledge. 


CoNTRIBUTIONs. Original typed manuscripts 
and illustrations, plus three copies and 3 sets of 
illustrations, exchanges and book reviews should 
be forwarded prepaid, at the author's risk, to the 
Chairman of the Editorial Board of the ANNALS 
OF SURGERY: 


David C. Sabiston, Jr., M.D. 
Annals of Surgery 
Department of Surgery 
Duke University Medical Center 
Durham, North Carolina 27710 


Manuscripts, as well as list of references, should 
be typed double spaced on one side of the paper, 
leaving wide margins. While every effort will be 
made to guard against loss, it is advised that au- 
thors retain copies of manuscripts submitted. The 
complete address for reprint requests should be 
included in the title page. All pages should be 
numbered. 


Digits one to ten should be spelled out, ex- 
cept when used for units of measurement (time, 
weight, volume, dosage, degrees) percentage, or 
when decimals are involved; for numbers above 
ten, numerals should be used. Dorland’s Medical 
Dictionary and Webster's International Diction- 
ary may be used as standard references. Scientific 
names for drugs should be used when possible. 
Copyright or trade names of drugs should be cap- 
italized. Units of measurement, e.g., dosage, 
should be expressed in the metric system. Tem- 
perature should be expressed in degrees centi- 
grade. Contributions in a foreign language, when 
accepted, will be translated and published in 
English. 


Black and white illustrations will be repro- 
duced free of charge, but the publisher reserves 
the right to establish a reasonable limit upon 
the number supplied. Color illustrations will be 
published at the authors expense. Black and 
white photographs should be in the form of glossy 
prints. Line and wash drawings should be black 
on white paper, with lettering in black india ink, 
large enough to be readable after necessary re- 
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same, to facilitate their circulation among the re- . 
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the author's name and the title of the article in 
brief appear on the back. A separate typewritten 
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supplied. . . 


An alphabetical list of numbered references 


should appear at the end of the manuscript with ° 


corresponding numbering in the text. References 
should conform to the style of the Index Medicus 
with the exception that the last page number 
should be omitted, viz: authors name, title of 
article, name of journal, volume number, first 
page number, and year of publication in the 
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 Inireating constipation...a hurried move 
Can end in a stalemate. 


VA. 


For a sure move...consider the two new stool softeners from Searle. 





Com 


(dioctyl sodium sulfosuccinate 


Two of the highest quality and least expensive fecal softeners your 
patients can buy. Both have a broad range of usefulness and are 


available without a prescription. 


Comfolax is recommended: 


In Acute and Chronic Disease, in 
Hemorrhoids, and in Other Anorectal 
Disorders 


e Comfolax softens stools, thus minimizing 
colonic and anorectal imitations that may 
be caused by hard, dry feces. 


e Softening the stool can help eliminate 
painful, sometimes dangerous, straining. 
In Spastic Constipation 


* Comfolax generates a softened fecal 
mass for easier transit through the 
hypertonic colon. 


In Pregnancy 


e Comfolax softens intestinal content without 
causing irritation or pelvic congestion and 
without increasing peristaltic activity. 


folax . 





dioctyl sodium sulfosuccinate with cosanthranol) 


Comfolax-plus is recommended: 


In Stubborn Constipation 


e Comfolax-plus softens intestinal content 
in impaction-prone patients ond gently 
stimulates bowel activity. 


Before Surgery 


* Rapid elimination is provided, thereby 
predictably ridding the bowel of its 
content in preparation for surgery. 


Following Surgical Procedures 


e Comfolax-plus counteracts intestinal 
atony, a frequent problem in patients 
during forced inactivity with debilitation. 


To Prevent Constipation in 
Postpartum Patients 


e Comfolax-plus provides gentle and 


predictable bowel action after childbirth. 


e Comfolax-plus minimizes schedule 
disruption for the mother during her first 
few days at home. 


Comfolax-plus 


Comfolax 


How supplied: 


Comfolax capsules are dark green and 
contain 100 mg. of dioctyl sodium 
sulfosuccinate. available in trade-size 
packages of 12 and 60. and in unit-dose 
cartons of 1.000 for hospitals 


Dosage: 


For simple constipation in adults or in 
children over 12, one Comfolax 100-mg 
capsule 1 or 2 times daily is recommended, 
in severe adult constipation. 2 capsules bid 
Because of its dosage size. Comfolax is 

not recommended for use by children less 
than 12 years of age 


Comfolax-plus 


How supplied: 


Comfolax-plus is supplied in capsules 

of two-toned green, containing 100 mg. of 
dioctMy sodium sulfosuccinate and 30 mg. of 
casanthranol, a gentle stimulant. in trade- 
size packages of 10 and 60 capsules 

and in unit-dose cartons of 4000 capsules 
for hospital use 


Dosage: 


The recommended adult dose is 4 or.2 
capsules ot bedtime for 1 or 2 days. then 

1 capsule daily as needed Because of its 
dosage size. Comfolax- plus is not 
recommended for use by children less than 
12 years of age 


Warnings: Do not use Comfolax-p/us 

when abdominal pain, nausea or vomiting 
is present. Frequent or prolonged use of this 
preparation may result in dependence 

on laxatives 4G1 


| | Searle Laboratories 
SEARLE Division of G D. Searle & Co Chicaao 


A unique view of the gallbladder, from the inside looking out, 
by means of a true-to-life plastic model. 


1. Artist's conception of cutaway view of gallbladder contain- 
ing stones which, by causing irritation of the organ's interior 
wall and restricting biliary e may play a role in the re 
peated episodes of inflammation and infection associated 
with chronic cholecystitis 

2. Artists conception of microscopic section of gallbladder 
wall showing chronic state with superimposition of inflam 
mation, edema and necrosis due to an acute episode. 








Of view 


Vibramycin (doxycycline) 
penetrates gallbladder tissue to 
reach susceptible pathogens 


Vibramycin can be useful in 
cholecystitis because it provides a wide 
antibacterial spectrum and therapeutic 
tissue concentrations: Vibramycin 

is active against susceptible strains 


| Concentrations of oral Vibramycin in gallbladder tissue of bacteria 
removed from four surgical patients on a dosage of 


200 mg. P.O. stat and 100 mg. P.O. once daily until surgery. including Escherichia 

















Patient | Concentration in Tissue Coli and Entero- 
No. (mcg./Gm.) EN ——— 
] 803 bacter aerogenes 
: s (formerly Aerobacter 
| 4 7.73 ___| aerogenes). 


1. Because not all strains of pathogens are susceptible, it is recommended 
that routine culture and susceptibility tests be performed. 

2. Fabre, J. et al.: Schweiz. Med. Wochenschr. 97:915, May 17, 1967. 

3. Concentration in the bile taken simultaneously: 24.2 mcg./ml. 


VibramyciniV 


(doxycycline hyclate for injection) 


100-mg. vials containing doxycycline hyclate equivalent 
to 100 mg. doxycycline with 480 mg. ascorbic acid 
200-mg. vials containing doxycycline nyclate equivalent 
to 200 mg. doxycycline with 960 mg. ascorbic acid 
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See Brief Summary on following page for information on side effects and contraindications. 








Penetrates tissue to reach . 


susceptible pathogens... - 
VibramyciniV 


(doxycycline hyclate for injection) 


100-mg. vials ontainıng doxycycline hyclate equivalent 
to 100 mg. doxycycline with 480 mg. ascorbic acid 
200-mg. vials containing doxycycline hyclate equivalent 
to 200 mq. doxycycline with 960 mg. ascorbic acid 


Important facts about 
Vibramycin (doxycycline) 


= can maintain therapeutic blood 
levels with a single daily infusion 


= can be used without complexities 
of dosage alteration in patients with 
impaired renal function 


= does not significantly elevate BUN 
in patients with renal insufficiency 


= virtually the same broad range 
of indications when switching from 
I.V. to oral form 


*Because not all strains of pathogens are susceptible, it is recommended that routine culture 
and susceptibility tests be performed. 


Vibramycin* Hyclate (doxycycline hyclate) and 
Vibramycin* I.V. (doxycycline hyclate for injection) 
BRIEF SUMMARY 


Contraindicated: |n persons hypersensitive to any of the tetracyclines. 


Warnings: Use of tetracyclines during the last half of pregnancy, infancy and childhood to 
the age of 8 years may cause permanent discoloration of developing teeth. This is more 
common during long-term use of the tetracyclines but has been observed following repeated 
short-term courses. Enamel hypoplasia has also been reported. Thus, tetracyclines should 
contraindicated. Individuals receiving tetracycline antibiotics should be advised that direct 
sunlight or ultraviolet light can cause photosensitivity reactions. If these reactions 
(éxaggerated sunburn) occur, discontinue therapy. Doxycycline forms a stable calcium 
complex in any bone-forming tissue. Fibula growth has been decreased in prematures given 
oral tetracyclines 25 mg./kg. q. 6 h., but this reaction was reversible when the drug 

was discontinued. 

The antianabolic action of the tetracyclines may cause an increase in BUN. Studies to date 
indicate that this does not occur to a significant degree with the use of Vibramycin in 
patients with impaired renal function. 

Vibramycin Intravenous has not been studied in pregnant patients. It should not be used 
in pregnant women unless, in the judgment of the physician, it is essential for the welfare of 
the patient. 

Animal studies indicate that tetracyclines cross the placenta, are found in fetal tissues and 
can have toxic effects on the developing fetus. Evidence of embryotoxicity has also been 
ngted in animals treated early in pregnancy. 

The use of Vibramycin Intravenous in children under 8 years is not recommended because 
safe conditions for its use have not been established. 

Tetracyclines are present in the milk of lactating women who are taking a drug in this class. 


mJ 





Precautions: Overgrowth of nonsusceptible organisms may occur, including fungi. If such 
superinfections are encountered, discontinue Vibramycin and institute appropriate therapy. 

In venereal disease when coexistent syphilis is suspected, a dark -field examination should 
be done before initiating therapy. Conduct monthly serological tests for at least 4 months. 

Because tetracyclines depress plasma prothrombin activity, patients on anticoagulant 
therapy may require downward adjustment of their anticoagulant dosage. 

In long-term therapy, conduct periodic laboratory evaluation of organ systems, including 
hematopoietic, renal and hepatic. 

Treat all Group A beta-hemolytic streptococcal infections for at least 10 days. 

Avoid giving doxycycline with penicillin because of possible interference with penicillin 
activity. 

Antacids containing aluminum, calcium, or magnesium impair absorption and should not 
be given concomitantly to patients taking oral Vibramycin. 


Adverse Reactions: Anorexia, nausea, vomiting, diarrhea, glossitis, dysphagia, enterocolitis, 
inflammatory lesions (with monilial overgrowth) in the anogenital region, maculopapular 
and erythematous rashes, exfoliative dermatitis, photosensitivity, urticaria, angioneurotic 
edema, anaphylaxis, anaphylactoid purpura, pericarditis, exacerbation of systemic lupus 
erythematosus, hemolytic anemia, thrombocytopenia, neutropenia and eosinophilia have 
been reported. Prolonged administration of tetracyclines may produce brown-black 
microscopic discoloration of thyroid glands. No abnormalities of thyroid function studies 

are known to occur. Bulging fontanels have been reported in young infants on therapeutic 
dosage but disappeared when the drug was discontinued. A dose-related rise in BUN has 
been reported. 


Oral Adult and Children's Dosages: See the Vibramycin Oral package insert for 
recommended dosage schedules for adults and children. 


Intravenous Dosage and Administration: Note: Rapid administration is to be avoided. 
Parenteral therapy is indicated only when oral therapy is not indicated. Oral therapy should 
be instituted as soon as possible. If intravenous therapy is given over prolonged periods of 
time, thrombophlebitis may result. 

The usual dosage and frequency of administration of Vibramycin l.V. (100-200 mg./day) 
differs from that of the other tetracyclines ( 1-2 Gm./day). Exceeding the recommended 
dosage may result in an increased incidence of side effects. 

Studies to date have indicated that Vibramycin, at the usual recommended doses, does not 
lead to excessive accumulation of the antibiotic in patients with renal impairment. 


Intravenous Adult Dosage: The usual dosage of Vibramycin l.V. is 200 mg. on the first day 
of treatment administered in one or two infusions. Subsequent daily dosage is 100 to 
200 mg. depending on the severity of infection, with 200 mg. administered in one or two 
infusions. 

In the treatment of primary and secondary syphilis, the recommended dosage is 300 mg. 
daily for at least 10 days. 


Intravenous Children's Dosage: The recommended dosage schedule for children weighing 
100 pounds or less is 2 mg./lb. of body weight on the first day of treatment, administered in 
one or two infusions. Subsequent daily dosage is 1 to 2 mg./lb. of body weight given as one 
or two infusions, depending on the severity of the infection. For children over 100 pounds 
the uSual adult dose should be used. (See "Warning" Section for Usage in Children.) 


General: The duration of infusion may vary with the dose ( 100 to 200 mg. per day), but is 
usually one to four hours. A recommended minimum infusion time for 100 mg. of a 

0.5 mg./ml. solution is one hour. Desired concentrations of the final solution should be 

0.2 mg./ml. to 0.5 mg./ml. Concentrations below 0.1 mg./ml. or above 1.0 mg./ml. are not 
recommended. Therapy should be continued for at least 24-48 hours after symptoms and 
fever have subsided. The therapeutic antibacterial serum activity will usually persist for è 
24 hours following recommended dosage. 

Intravenous solutions should not be injected intramuscularly nor subcutaneously. Caution 
should be taken to avoid the inadvertent introduction of the intravenous solution into tfe 
adjacent soft tissue. 

More detailed professional information available on request. -` 
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Davol changed suction instruments 
just enough to make a big difference. 


There’s only one difference Price? Davol suction instruments 
between Davol instruments and are priced to make disposability 
metal ones. practical. 

Davol makes them disposable. Davol introduced disposable 

So now your staff saves time suction intruments. Since then over 
because there’s no recleaning. two thousand hospitals have 

And mostimportant,there'sno ^ already converted. 
risk of contamination. Apparently, we made a big 

Everything elseisthe same. You difference. 
get the look, feel and action you're Davol Inc., Providence, Rhode 
used to in a metal Yankauer, Poole, Island 02901. A Subsidiary of 
Frazier and sigmoidoscopic International Paper Company. 
instrument. 
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a Insulin Response in Patients Receiving Concentrated 


Infusions of Glucose and Casein Hydrolysate 


HE COMMONLY REPORTED SEQUELAE of using high con- 
j| esee of glucose as the sole non-protein caloric 
source are as follows: 

l. Initial glucose intolerance with moderately elevated 
blood sugars, seldom requiring exogenous insulin and 
- seldom prolonged, and with usual spontaneous regres- 
sion. 710,20 

2. Frank glucose intolerance with grossly elevated 
blood sugar levels requiring exogenous insulin for con- 
trol and, if untreated, eventually leading to hyper- 
- glycemic non-ketotic hyperosmolar coma.!5 
.. $. Episodes of symptomatic, and often severe, hypo- 
glycemia ón sudden cessation of the hyperalimentation 
infusion.910.12 

Both glucose and amino acids stimulate insulin secre- 
tion in vivo and in vitro.'* Some amino acids are more 
potent in this respect than others, and combinations of 
amino acids have a synergistic effect, in that their effec- 


tiveness is greater than would be expected from adding- 


the results of their separate infusion. Synergism also 
exists between glucose and the various amino acids.? It 
is not surprising, therefore, that Dudrick and others®1° 
have reported elevated serum insulin levels in patients 
receiving intravenous hyperalimentation. However, the 
pattern of the insulin response to prolonged infusions of 
glucose and amino acids has not been defined. 


Submitted for- publication, August 21, 1973. 

Supported by a Grant from St. Joseph's Hospital (Toronto) 
Resgarch Foundation and Abbott Laboratories Ltd. 

. Reprint requests: Doctor M. Deitel, St. Joseph's Hospital, 

"30 The Queenswav, Toronto, Ontario, Canada. 
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for Complete Parenteral Nutrition 


IAN SANDERSON, M.B., B.S., F.R.CS. (C), 
MERVYN DEITEL, M.D., F.R.C.S. (O, F.A.C.S., F.LC.S. 


From the Department of Surgery, 
St. Joseph’s Hospital, Toronto and 
University of Toronto 


It is the purpose of this paper to report a series of 
experiments designed to define the insulin response to 
intravenous hyperalimentation and to attempt to explain 
the role of this response in some of the observed com- 
plications of this form of treatment. 


Materials and Methods | 


The glucose:casein . hydrolysate mixtures were in- 
fused by subclavian catheter directly into the superior 
vena cava. Solutions were formulated daily with all 
additions in our pharmacy and refrigerated until used.” 
The solutions were infused within 48 hours of formula- 
tion—most within 24 hours. 

The roller pump ensured no fluctuation of caloric 
input over the 24-hour period. The pump mechanism 
and the infusion rates were checked frequently by a 
technician, so that we could confidently calculate the 
concentrations of glucose and amino acids given in mg./ 
min. Based on direct observation of calibrated levels in 
bottles on a 24-hour -basis, the pump error was +10 
mg./min. for glucose and +2 mg./min. for casein hy- 
drolysate. While the roller pump can run on its bat- 
teries for approximately 6 hours, the infusion rates are 
somewhat slower than when the wall outlet is used, and 
hence, while patients were on the study, the batteries 
were not used. 

Blood samples for sugar and insulin were always 
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drawn into the same syringe. All the samples were drawn 
and studies started between 0800 and 0900 hours to 
avoid the possible effects of diurnal variation on the 
results. All samples were drawn from an arm vein— 
usually antecubital fossa. All patients were fasted (no 
oral intake) and resting quietly in bed at the time of 
sampling. 

The clotted blood for serum immunoreactive insulin 
radioassay was placed immediately in ice and taken to 
the laboratory, where it was centrifuged and the super- 
natant serum removed and frozen for later testing. Serum 
immunoreactive insulin was assayed in triplicate using 
the Amersham/Searle Kit which is based on the method 
of Hales and Randle.! The level of radioactivity was 
measured using a liquid scintillation counter. Blood sugar 
levels were estimated on the Technicon® autoanalyser. 


Initial Studies 


l. In 14 randomly selected patients, random blood 
samples were drawn while each patient was both on 
and off hyperalimentation. Results: Serum insulin levels 
were higher in all patients while on hyperalimentation, 
thus confirming the observations of others. 


MR. S.F. 47 YRS. 82 Kg. 
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* RATIO GLUCOSE : AMINO ACID = 5:1 


Fic. 1. Serum insulin and blood sugar levels in a patient in whom 
the infusion concentrations were slowly increased in the usual 
manner and then slowly decreased before cessation of hyperali- 
mentation, after the patient had begun an oral diet. Insulin and 
sugar levels tended to follow the concentration of the infusate. 
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HOURS 
- * RATIO GLUCOSE : AMINO ACID = 5:1 
Fic. 2. Blood sugar and serum insulin levels immediately after 
starting hyperalimentation. Note the initial rise in both n 


and insulin and the later steady-state which was achieved in 
patient after 4 hours of infusion. 


2. In 13 randomly selected patients, more extensive 
sampling was performed. Results: The results are ex- 
emplified by the findings in a 47-year-old 82 kg. man 
shown in Fig. 1. Infusion concentrations were increased 
slowly in the manner we have usually employed for 
intravenous hyperalimentation. Serum insulin levels re- 
mained elevated throughout the course of treatment, and 
levels tended to vary with the concentrations of the 
infusate. Six days prior to cessation of therapy, the pa- 
tient began taking oral fluids, and as his intake increased, 
the concentration of the infusate was gradually decreased. 

In other patients, if the concentration of the infusate 
was kept constant, the insulin and blood sugar levels 
did not vary greatly, suggesting that a new steady-state 
was achieved. These studies were poorly controlled but 
indicated the direction to be taken with the definitive 
studies. 


^*. 


| Definitive Studies 

Studies were designed in an attempt to answer the 
following questions: 

Í. How soon after starting the hyperalimentation infu- 
sion is the new steady-state achieved? 

2. Does the serum insulin level vary directly with the 
concentration of the infusate? | 

3. How does the blood sugar level relate to the serum 
insulin level? ° 

4, With the patient established on high concentrations ~, 


f 


e 
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of infusate, does the pancreas have sufficient insulin 
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MR. C.G. 17 YRS. 61 Kg. 








reserve to respond to an additional glucose load? 180 
4... 9. How soon after sudden cessation of hyperalimenta- 

“tion do the serum insulin and blood sugar levels return 160 

to the basal values? 

' Six non-diabetic patients weighing 55 to 65 kg. were 140 

studied for periods $t 3 to 4 a. The patients were fs BLOOD SUGAR MG/100 ML 
given no oral intake. Patients who were critically ill, or 120 / 

had major sepsis or hepatic or renal insufficiency, were i 

excluded from the study. 100 / 

. The study was divided into 6 parts: / 
« . bt. The subclavian catheter was inserted the night be- 80 ý f SERUM INSULIN uU /ML 

fóre starting hyperalimentation, and from midnight on- f 

wards the patient received either normal saline ( calorie- T / 
x or Ringers lactate (18 Cal./L.) at the rate of j 
Z 195 cc. /hour. At 0800 and 0900 hours, blood samples 2 i 
were drawn to establish fasting (basal) levels of both f 
blood sugar and serum insulin. j 

2. Intravenous hyperalimentation, with solution con- 20] 4 
centrations and infusion-rates designed to give glucose at Å START INFUSION WITH 400 MG GLUCOSE /MIN.* 
400 mg./min. (equivalent to a 202 glucose solution in- i E 25 S os EU a 
DAYS 


fused at 3000 cc./day) and casein hydrolysate at 80 
mg./min. was begun as soon as the 0900-hour blood 
sample was drawn. Then blood samples were drawn 30 
minutes after starting the infusion and hourly for 7 hours. 

3. Thereafter, daily blood samples were drawn be- 
tween 0800 and 0900 hours, with the concentrations of 
the infusate kept at the initial level for a further 6 days. 

4. After 7 davs at the initial level, the infusion con- 
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DAYS 21 


14 


i 7 
* RATIO GLUCOSE : AMINO ACID = 5:1 
Fic. 4. Infusions over 21 days, with concentrations increased in 
steps (weekly) from 400 to 450 to 500 mg./min. Note the rise 
in serum insulin levels with each increase in infusion concentration 
and the gradual fall in blood sugar levels to a more constant 
" Jevel midway through the treatment. ` 


* RATIO GLUCOSE : AMINO ACID = 5:1 
Fic. 3, Solution infusion at a constant rate for 7 days, Morning 
samples showed a gradual fall in serum insulin and also in blood 


sugar as the infusion progressed. 


centrations and rates were increased to deliver 450 mg. 
of glucose and 90 mg. of casein hydrolysate/min. This 
was further increased after 7 days to 500 mg. of glucose 
and 100 mg. of casein hydrolysate/minute. Daily morn- 
ing blood sampling continued. 

5. With the patient established on 500 mg. of glucose 
and 100 mg. of casein hydrolysate/min. for 7 days, a 
glucose pulse consisting of 50 cc. of 50% dextrose in 
water was given intravenously over 3 minutes, with the 
hyperalimentation infusion continued throughout. Sam- 
ples for blood sugar and serum insulin were drawn at 90 
and 180 seconds and 5, 15, 30, 45, 60, 90, 120 and 180 
minutes, 

6. When the patient had received 500 mg. of glucose 
and 100 mg. of casein hydrolysate per minute for 7 to 
14 days, the infusion was stopped abruptly and samples 
for blood sugar and serum insulin were drawn at 5, 10, 
15, 20, 30, 45, 60, 90 and 120 minutes thereafter. 

7. To establish any change in basal insulin and blood 
sugar levels, two fasting morning blood samples were 
drawn on the two successive days after the hyperalimen- 


tation infusion had been stopped. 


Results 


1. Fasting serum insulins varied from 6 to 18 »U/ml. 
(Normal = 6 to 25 »U/ml.) and blood sugar from 80 to 


90 mg./100 ml. 
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Fic. 5. The same results as in Fig. 4, with the graph redrawn to 
show. the close correlation between the serum insulin levels and 90 w 


the increased concentrations of the infusate. Note the trend for 
the serum insulin levels to fall when the infusion rate remains 
constant, especially earlier in treatment. 


2. After starting the hyperalimentation infusion, serum 
insulin and blood sugar levels rose initially, with peaks 
_at 1 to 2 hrs. for sugar and 2 to 3 hrs. for insulin (Fig. 2). 

Within 6 hours, a new steady-state was achieved with 
serum insulins 4 to 6 times above the basal levels, vary- 
ing between individuals, and blood sugar levels mod- 
erately elevated. 

3. Daily samples over 7 days with the constant infusion 
levels.revealed a gradual fall in both serum insulin and 
blood sugar levels (Fig. 3). 

4. With increasing infusion concentrations, serum in- 


sulin levels rose further (Fig. 4). The blood sugar levels 
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90 120 MINUTES 180 


0 - 30 


60 
Fic. 6. Patient on continuous intravenous hyperalimentation, given 


. a 25 gm glucose pulse. Note the very rapid rise in serum insulin 
and the normal glucose tolerance curve. 
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90 
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60 120 MINUTES 180 


Fic. 7. Sudden cessation of maximal concentrations of hyperali- 
mentation resulted in a r ys fall in blood sugar and serum 
Note the lower level of blood sugar at 30 minutes, with a sub- 


sequent rise towards a new steady-state. The lowest blood sugar 


levels did not fall below 60 mg./100 nil. in any patient. 


either rose slightly or remained at similar levels, with an 
overall tendency to decrease as the days progressed to a 
plateau of about 30 mg./100 ml. above fasting levels. 
There was some variability in sugar levels between indi- 
viduals. A closer correlation could be made between the 
serum insulin levels and the concentrations of the in- 
fusate (Fig. 5). As these concentrations rose, serum 
insulin levels rose and tended to fall slightly while the 
concentration was maintained constant for a number 
of days. 

59. The 25 gm. glucose pulse, while the patients con- 
tinued to receive 500 mg. of glucose and 100 mg. of 


casein hydrolysate per minute, resulted in an immediate 
and adequate rise in serum insulin with a peak within 


15» minutes and a normal glucose tolerance curve (K 
values — 1.29 to 2.24) (Fig. 6). 


6. Sudden cessation of intravenous hyperalimentation 
while on maximal concentrations resulted in an imme- 


diate fall in blood sugar and serum insulin, with near 
basal levels attained within 60 minutes (Fig. 7). Blood 
sugar levels fell within 30 minutes to about 20 mg./ /100 
ml. below subsequent basal levels, but did not fall below,” 


~. 


^— 
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Fic. 8. Serum insulin lev- 
els varying with the con- 
centration of the infusate 
in a 44-year-old 50 kg. 
man. Insulin levels did 
not rise above 26 &,U/ml., 
but no glucose intoler- 
ance occurred. Compare 
these results with the pa- 
tient in Fig. 5 whose in- 
^sulin levels rose above 


* 100 4&U/ml.; the patterns 


* im both patients were the 
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same. 
30 32 
60 mg./100 ml. and no patient had symptomatic hypo- Discussion 
glycemia. Of 35 patients studied while on intravenous hyper- 


7. On the two successive days after cessation of in- alimentation, six were able to be studied in detail. All 
travenous hyperalimentation, the fasting morning sam- patients were initially both sick and malnourished. Pan- 
ples showed insulin levels slightly lower and blood sugar. creatic insulin response to a glucose load is reduced in 
levels slightly higher than the levels achieved within 3 starvation, is abolished by circulating catecholamines 
hours of stopping hyperalimentation. in acute stress, pain, sepsis, trauma or shock,?38,13,14,19 


Fic, 9, Effect of sepsis on 


insulin and.sugar levels. 
Infusion concentration 
was 340 mg of glucose/ 
min. for the first 11 days 
and was reduced to 310 
mg of glucose/min. for 
the last 10 days. The pa- 
tient was already on in- 
travenous hyperalimenta- 
tion when the graph 
begins. The patient had 
two episodes of sepsis, 
each accompanied by ele- 
vations in both serum in- 
sulin and blood sugar lev- 
els. With each episode of 
sepsis the patient devel. 
oped glycosuria, During 


_ the second episode of sep- 


sis, insulin and blood 
sugar rose in spite of re- 
duced infusion concen- 
trations, 
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Fic. 10. Latent diabetic on 400 mg of glucose/min. for 18 day-. 
After starting treatment, she soon developed 4+ glycosuria, bct 
her insulin response, apa initially fairly good, became suc 
denly very poor despite a late rally from the 6th to 10th da-. 
Blood sugars progressively rose to over 500 mg./100 ml. ard 
she had constant 4+ glycosuria. On the 18th day of the study 
she became precomatose. (Hatched lines link days betwee 
which daily blood samples were not taken). 


and is increased in the recovery phase after trauma cr 
` illness.!1$ Peripheral insulin resistance occurs in all these 
situations. 

Hence, detailed analysis of the individual measure 
ments in any one patient or between patients would b= 
difficult due to the multiplicity of the variables. It is nct 
surprising, therefore, that we could find no direct cor 
relation between patients in the level of response to th 
various concentrations infused, even if the concentratiore 
were converted to mg./kg./hr. so that possible effec& 
due to differences in patient weight would be eliminated 
(Fig. 8). Similarly, expressing the results in terms c 
elevations above the basal insulin level, as advised bz 
Porte; proved generally inaccurate, as the basal insulin 
secretion itself was probably changing in response to the 
concentrations of the infusate and the patients progres 
sive recovery. 

In other patients, acute episodes of sepsis or deteriora 
tion in their condition were usually accompanied by rise= 
in both serum insulin and blood sugar, which were quit- 
marked and would have to be allowed for when th- 
overall picture is considered (Fig. 9). 

One patient, who was placed into the study anc 
started on the 400 mg. of glucose/min., was discoverec 
later to be a latent diabetic, and rapidly developec 
severe hyperglycemia and glycosuria of more than 2 gms., 
100 ml. As the test progressed, serum insulin level 
were shown to be low, which suggested pancreatic ex- 
haustion as reported by Seltzer and Harris! She wa: 
given exogenous insulin, but in very small amounts in ar 
attempt not to interfere greatly with the study whick 
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was allowed to continue. After 18 days on the infusion: 


at 400 mg. of glucose/min., she developed hyperglycemic 
non-ketotic hyperosmolar coma, which responded quickly 
to infusion with hypotonic fluids, subcutaneous insulin, 
and cessation of hyperalimentation ( Fig. 10). . 

In the low-birth-weight neonate with immature organ 
function and underdeveloped enzyme systems, sudden 
cessation of hyperalimentation may be associated with 
severe hypoglycemia.” However, in our experience with 


adults, symptomatic hypoglycemia has occurred only. 


after a sudden unplanned acceleration of the hyper- . 


alimentation infusion followed by its sudden cessation: 
In one patient studied, the solution of 25% glucose and 
5% casein hydrolysate stabilized at a rate of 500 mg. of 
glucose/min., was deliberately speeded-up for 30 min- 
utes, delivering more than 2.5 gm. of glucose and 0.5 gm. 
of casein hydrolysate per minute, and then was stopped 
suddenly (Fig. 11). One hour after sudden cessation of 
the infusion, the patient became anxious, dizzy, and 
markedly diaphoretic. Blood sugar levels were 35 mg./ 
100 ml. 
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Fic. ll. A 30-minute increase in infusion-rate to deliver more 
than 2.5 gm of glucose/min. resulted in a brisk insulin response, 
which failed to prevent rising glucose levels. Sudden cessation 
of all hyperalimentation infusion at 30 minutes resulted in a fall 
in both serum insulin and blood sugar levels with symptomatic 
hypoglycemia after one hour. 
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Then the rate of 500 mg. of glucose and 100 mg. of 
casein hydrolysate/min. was resumed, and two days 


A. later, sudden cessation produced the same pattern found 
in previous patients (Fig. 12). Her blood sugar levels 


* 


dropped to only 70 mg./100 ml. | 
From our studies, certain patterns clearly present 
themselves, and when viewing the overall trends rather 
than the degree of response either in or between indi- 
vidual patients, the following conclusions can be drawn: 
1. In the non-diabetic patients studied, the pancreatic 


- insulin response to the initial infusion concentrations 
'" used was adequate and occurred within 6 hours. 


a 


- 


r 
7 . 


2, Continuing initial infusion levels over some days 
resulted in declining serum insulin and blood sugar 
levels, suggesting that the body tissues became respon- 
sive to the available insulin which was then required in 
lesser quantities to utilize the glucose. Hence, peripheral 
insulin resistance, known to be present in the catabolic 
state, may be responsible for any initial intolerance to 
the high glucose and amino acid infusions and for the 
glucose intolerance seen with episodes of sepsis. 

3. Serum insulin levels closely followed the concen- 
trations of the infusate, confirming the ability of the 
pancreas to respond to an increasing glucose and amino 
acid stimulus. 

4, The prompt response to the 25 gm. glucose pulse 
while on high infusate concentrations demonstrated that 
the pancreatic insulin reserve was adequate within the 
limitations of the experiment. 

5. The prompt return to basal levels without sympto- 
matic hypoglycemia after sudden cessation of the pro- 
longed infusion of high concentrations suggests that the 
beta cells continue to be sensitive to changes in blood 
glucose levels. 

6. Sudden speeding of the infusion above 2.5 gm. of 
glucose/min., followed by sudden cessation, may result 
in symptomatic hypoglycemia. 

Although we do not recommend that patients on 
intravenous hyperalimentation be stopped abruptly, it 
is evident that hypoglycemia will not occur after the first 
two hours following cessation. The infusion could be 
stopped abruptly only shortly after a meal or after the 
patient is given a sugary drink. It is safer to continue a 
5% glucose infusion for a few hours after cessation of 
intravenous hyperalimentation. In the event of an in- 
advertent speed-up of the solution flow-rate, the rate of 
infusion previously prescribed should be resumed upon 
discovery and the infusion not be turned off by the nurse 
in order to deliver the proper total volume for the shift. 


Summary 


The serum immunoreactive insulin response in 33 pa- - 


tients on prolonged intravenous hyperalimentation with 
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Fic. 12. Effect of suddenly stopping the infusion without prior 
speed-up in the patient described in Fig. 11. (Note the same 
pattern as in Fig. 7). 


glucose and casein hydrolysate was studied. In 6 exten- 
sively studied non-diabetics weighing 55 to 65 kg., the 
insulin response to the infusion concentrations ranging 
from 400 mg. of glucose/min. (80 mg. of casein hydroly- 
sate/min.) to 500 mg. of glucose/min. (100 mg. of casein 
hydrolysate/min.) was abrupt and adequate to keep the 
glucose levels within the normal range. Peripheral insulin 
resistance is probably responsible for any glucose in- 
tolerance occurring initially or during periods of sepsis. 


An additional 25 gm. glucose pulse produced a normal 


glucose tolerance curve, indicating further pancreatic 
insulin reserve. Sudden cessation of intravenous hyper- 
alimentation at maximal infusion concentrations, while 
not recommended, did not produce symptomatic hypo- 
glycemia. Hypoglycemia could be induced by marked 
speeding of the infusion rate immediately followed by 
sudden cessation of intravenous hyperalimentation. 
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Pulmonary Function in Hemorrhagic Shock: 


The Effect of Pancreatic Ligation and Blood Filtration 


LAWRENCE R. SOMA, V.M.D., GORDON R. NEUFELD, M.D. 


DAVID C. DODD, B.V.Sc., BRYAN E. MARSHALL, M.D. 
(With the technical assistance of William Mowbray, B.A., 


Barbara Maltby, B.S., Wendy Gitomer, B.S., and Barbara Ewing, B.S.) 


ULMONARY ABNORMALITIES HAVE BEEN DESCRIBED in 
Pine dog during hemorrhagic hypotension.®:©.16 In ad- 
dition, pathologic and physiologic changes have been 
described during the period of hemorrhagic shock that 
follows reinfusion of shed blood.?:*11,22.32 Our studies 
have been directed at the mechanisms responsible for 
these latter changes. 

In an earlier study from this laboratory of hemorrhagic 
shock in anesthetized, mechanically ventilated dogs, 
changes in pulmonary gas exchange, pulmonary extra- 
vascular water volume, diffusing capacity of the lungs, 
and pulmonary hemodynamics were observed!9:43 follow- 
ing reinfusion of shed blood. Subsequently, we have 
demonstrated that these changes were not accounted 
for by prolonged mechanical ventilation of the anes- 
thetized dog” or by transfusion of stored blood?" 

À prominent lesion in the canine hemorrhagic shock 
preparation is the development of hemorrhagic enteritis 
manifested by profuse loss of sero-sanguinous fluid and 
frank intraluminal hemorrhage. This gut lesion appears 
subsequent to a period of hypotensive ischemia when 
gastrointestinal blood flow becomes reestablished with 
the rapid reinfusion of shed blood?" 
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In our initial studies these characteristic changes in 
the gastrointestinal tract occurred, and gross intestinal 
damage was noted on direct examination. The present 
investigation has tested the hypothesis that the pulmo- 
nary changes were associated with the intestinal damage, 
and not due to the direct effects of hypotension. Hemor- 
rhagic shock instituted following pancreatic ligation and 
filtration of blood was not accompanied by hemorrhagic 
enteritis and no pulmonary abnormalities were observed. 


Outline of Study 


Ten healthy adult dogs of mixed breed and of either 
sex were used as experimental subjects. Dogs were 
screened for microfilaria and gastrointestinal parasites. 
Pancreatic ducts were ligated and the spleen removed 
at least ten days prior to study. The animals were studied 
in two groups. 


Group A 


In seven dogs (mean weight 23.2 + S.E. 13 kg) 
anesthesia was induced with intravenous thiopental so- 
dium (10 mg/kg) and the trachea was intubated, fol- 
lowing which anesthesia was maintained with 0.4-0.6% 
halothane vaporized (Drager vaporizer) in oxygen (4 to 
5 L/min) via a circle system incorporating a mixing 
chamber on the expired limb. Polyvinyl catheters (I.D. 
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1.50 mm) were placed in the aortic arch via the carotid 
artery and in the superior vena cava (SVC) via the 
jugular vein. A flow directed catheter (Swan-Ganz 5 F) 
was passed into the pulmonary artery, and a silicone 
catheter (LD. 1.57 mm) was placed in the terminal 
aorta through the femoral artery. Heart rate ( HR), mean 
systemic blood pressure (MSBP), pulmonary arterial 
pressure (MPAP), pulmonary wedge pressure (WP), 
central venous pressure (CVP), and airway pressure 
(AP) were measured with Statham transducers (P23) 
and recorded on a Gilson polygraph. These catheters 
were periodically flushed with small amounts of saline 
containing heparin (X unit/ml) to maintain patency. 

The dogs were placed in the prone position. Intermit- 
tent intravenous doses of gallamine (approximately 1 to 
1.5 kg) were administered when needed to facilitate 
mechanical ventilation (Bird Mark IV and VII). Right 
atrial level was determined by estimation as one-half the 
distance between the sternum and the dorsal spines at 
the third intercostal space." 

The dogs were ventilated at 8 to 10 breaths/minute 
with tidal volumes of 25 to 30 ml/kg. End-tidal carbon 
dioxide tensions of 35 to 40 torr were maintained by 
removing the CO» absorber from the circle, adjusting 
fresh gas flows, and monitoring end-tidal CO; continu- 
ously. The output of the CO; analyzer was recorded on a 
Gilson polygraph. 

Following the preparative period which occupied ap- 
proximately 1% hours, control (Phase I) measurements 
were obtained. These measurements were repeated at 
30 minutes (Phase II) and three hours (Phase III) fol- 
lowing the reinfusion of shed blood. Hemorrhagic shock 
was produced by bleeding rapidly (15.9 + 1.6 min) to a 
mean pressure of 40 torr and maintaining pressure at this 
level for three hours. The initial blood withdrawn was 
26.5 + 2.1 ml/kg; the total blood removed over the three 
hour bleeding period was 40.8 + 3.3 ml/kg. Blood was 
collected by gravity into heparinized air evacuated plas- 
tic bags (Pliapak, Abbott Laboratories) and stored at 
room temperature. Blood was filtered during reinfusion 
through both the standard blood administration unit and 


a glass tube moderately packed with glass wool.38 Addi- 


tional filtration was provided by reinfusing through the 
femoral catheter, thereby assuring passage through a 
capillary bed prior to its return through the lung. 
During each phase, measurements were performed 
breathing both air and oxygen and consisted of arterial 
and mixed venous blood sampled for the measurement of 
pH (pH, and pH), carbon dioxide (PaCO; and PvCO;) 
and oxygen tensions (PaO, and PvOs), oxygen content 
(CaO: and CvO5;), arterial hematocrit (Hct,), and ar- 
terial hemoglobin (Hb,); inspired and mixed expired 
gases were sampled simultaneously and analyzed for 
oxygen (P;O, and PgO2) and carbon dioxide (P;CO; 
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and PCO»). Cardiac outputs (CO) were measured (in 
duplicate) using the dye dilution technique. 


Pulmonary diffusing capacity (Dr) was measured at , 


two different oxygen tensions using a modification of the 
carbon monoxide rebreathing method.™. 

Pulmonary extravascular water volume (PEWV) was 
measured using the double indicator injection tech- 
nique. Measurements were made with the ventilatory 
temporarily shut off. Body temperature was measured 


with a rectal thermistor probe (Yellow Springs) and tem- | 


perature maintained by a heating blanket. 


On completing the Phase III observations cardíae - 


arrest was induced with potassium chloride, the lung 
inflated and the trachea clamped. The chest was opened, 
cross clamps placed between the lung and heart, and _ 
the lungs rapidly removed. Individual lung lobes were 
separated and blood drained by gravity. Surface blood 
was washed off with saline and then dried with towels. 
Total lung water (TW) was measured.?* The intermedi- 
ate lobe was perfused with Bouin's fluid (18 to 24 hours) 
by gravity at a fixed pressure of 20 cm of water. After 
fixation, the lobe was cut and cleared in alcohol. Blocks 


of lung were embedded in paraffin; sections were cut at 


6 „m and stained with hematoxylin and eosin. Special 
stains such as PAS, Verhoeffs elastic and Masson’s tri- 
chrome were used additionally on some sections. 


Group B | 

The three dogs (26.7 + 0.6 kg) in this group were 
treated in a manner similar to that previously described 
for group A, with the following exceptions. Sterile tech- 
niques were used for catheter placement and these dogs 
were allowed to recover from the acute shock period and 
were reanesthetized at 24 hours (Phase III), 48 hours 
(Phase IV), and 72 hours (Phase V) and all measure- 
ments repeated. Post mortem examination was per- 
formed at the end of the 72 hour period, total lung water 
measured, and the intermediate lobe profused for his- 
tological examination. Intermittent doses of succinyl- 
choline chloride were administered during the observa- 
tion periods to produce complete paralysis. 


Analytical Methods 


Gas tensions of arterial blood, mixed venous blood, 
inspired and mixed expired gases and blood pH were 
determined with microelectrode systems (Radiometer, 
Corning). The pH means were calculated from the 
hydrogen ion concentrations. Samples for arterial oxygen 
measurement obtained during oxygen ventilation were 
analyzed immediately without cooling, all others were 
stored in ice prior to analysis, corrections for body tem- 
perature and time were calculated from standard nomo- 
grams.1?23 An oxygen electrode factor (mean 1.06) was 


b 


determined daily to correct for the difference between,” 


A 
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the reading obtained with calibrating gas and blood 
tonometered at the same tension. Oxygen contents of both 


4 arterial (CaOs) and venous (CvOg) blood were mea- 


^ 


e + 


" 


sured by carbon monoxide displacement?! Hemoglobin 
content was determined spectrophotometrically and 
hematocrit measured by Wintrobe tubes. 


. Calculations 


The ideal alveolar oxygen tension (P4Os) during air 
breathing was calculated from:?? 


B " P.CO, — PCO, 
— P20: — P3, (om — P,00, 
d 1 m" (200: — PICO 
P.CO, — P,CO, 


where the PACO, was assumed to be equal to PaCO; 
and the P;Os, P,CO, PO, and PCO, were measured 
directly using appropriate electrodes. During 100% O» 
breathing: PaO, = P;O, — PaCO, where PO; was cor- 
rected for halothane and saturated water vapor tensions. 

For the calculations of mean pulmonary end capillary 
oxygen content (CéO,), end capillary oxygen tension 
was assumed to be equal to PAOs. Oxygen pressures were 
converted to % saturation using a digital subroutine," 
and oxygen contents (CVO, CO, and CaO.) were 
calculated during both air and oxygen ventilation. 

Pulmonary shunt as a percentage of cardiac output 
when breathing 100% Os was then calculated: 


s s "m C40» tet CaO, 
Q./Q. EE 100 C40, <_< Cz0, 


It was assumed that the shunt remained constant on air 
and 100% Oz breathing. The difference between the total 
venous admixture effect measured breathing air and the 
shunt effect breathing Os was then attributed to 
ventilation/perfusion (V4/Q.) component. The total al- 
veolar-arterial oxygen difference (P(A-a)Os) was then 
subdivided into a shunt component and a ventilation/per- 
fusion component. 

Pulmonary vascular resistance (PVR) was obtained 
from: PVR = MPAP — WP x 80/CO, and systemic 
vascular resistance (SVR) was obtained from: SVR = 
MSBP — CVP + 80/CO. Statistical significance was 
tested by analysis of variance. Data were considered 
significant when P < 0.05. : 


Results 


Blood Gases and. Acid-Base Balance 


PaCO, during the three phases was maintained con- 
stant with an overall mean value of 37.9 + 0.9 torr, ad- 


~ ditional data from Group A dogs are shown in Table 1. 
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TABLE 1. Group A Dogs with Air Ventilation: Blood Gas, Actd-base, 
and Oxygen Content (Mean Values + S.E. from Seven Dogs) 


Phase I Phase II Phase III 

pH, 7.314 + 0.032 7.045 + 0.033* 7.231 + 0.023* 
PaO; 

torr 74.9 4 1.9 713.7 & 4.5 71.2 4- 3.8 
PvO, 

torr 47.5 41.5 49.9 + 1.1 38.0 + 2.0* 
CaO; 

ml/100 ml 15.67 + .47 15.58 + .38 16.29 + ,83 
CyO; 

ml/100 ml 11.64 + .69 10.65 + .79 8.52 + 1.26* 
Cla-¥)e 

ml/100 mi 4.03 + .50 4.93 + .90 7.78 + .94* 


* Analysis of variance significantly different from Phase I value 
P « 0.001. 


The metabolic acidosis which occurred during the hypo- 
tensive period was not immediately corrected following 
reinfusion of blood and was still significantly different 
(P « 0.001) from control levels at Phase III. There was 
no significant change in PaOs on either air or oxygen 
ventilation, the means for the three phases were 73.2 + 
2.0 torr during air ventilation and 533.5 + 9.5 torr dur- 
ing oxygen ventilation. CaO, values showed no signifi- 
cant changes during air or oxygen ventilation, the means 
for the three phases being 15.7 + 0.3 ml/100 ml during - 
air and 19.4 + 0.5 ml/100 ml during oxygen ventilation. 

An increased extraction of oxygen by tissues following 
reinfusion was evident by the significant (P « 0.001) 
increase in (Ca-vV)Os during Phase III. The PvO; de- 
crease to 38.0 + 2 torr during Phase III air ventilation also 
reflects this increased tissue exiraction. There were no 
significant changes in Vo, on either air (mean — 151.5 
+ 2.9 ml/kg/min) or oxygen (mean = 1249 + 1.7 ml/ 
kg/min). The C(a-v)Os changes during Phase III re- 
flect the reduction in cardiac output. 

Arterial hematocrit and hemoglobin did not change 
appreciably from control following bleeding and rein- 
fusion, the mean for the three phases was 36.3 + 1.6 
and 14.1 + 0.6 respectively. The rectal temperatures 
were 36.6 + 0.4°C (Phase I) and 37.1 + 0.5°C (Phase 
II) with a significant (p < 0.05) increase from the con- 
trol to 37.8 + 0.5°C (Phase III). 


Cardiopulmonary Changes 


There were no significant changes in MSBP from 
control values during the two post-infusion phases 
( Table 2). The cardiac output returned to control levels 
during Phase II and decreased significantly (P « 0.01) 
during Phase III. The SVR was not significantly in- 
creased from control levels. 

There was a significant (P « 0.001) increase in MPAP 
from a control of 12.3 + 0.8 torr to 22.4 — 1.9 torr dur- 
ing Phase II air ventilation, which represents an ap- 
proximate 82% increase. The 23% increase to 14.9 + 1.2 
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TABLE 2. Group A Cardiopulmonary Resulis 
(Mean Values + S.E. of Seven Dogs) 


Phase I Phase II Phase III À. 
CO (L/min) 3.55 + 0.36 2.94 + 0.33 1.87 + 0.15**- 
MSBP (torr) 98.6 + 7.1 93.3 + 8.4 85.3 + 8.9 
SVR (dynes/cm?) 2713.6 + 275.2 3056.6 + 443.6 3555.2 + 611.7 
MPAP (torr)(air) 12 4+ 1.0 22.4 + 1.9** 16.2 + 2.9** 
MPAP (torr)(oxygen) 12.6 + 0.9 14.9 + 1.2* 13.3 + 1.1 
PVR  (dynes/cm?Xair) 266.4 + 49.3 556.7 + 184.1* 531.6 + 188.3* : 
PVR . (dynes/cm'X(oxygen) 283.7 + 27.7 419.7 + 58.5* 535.7 + 47.2* 


i a of variance significantly different from Phase I value P < 0.05 and ** < 0.001 


torr during oxygen ventilation was also significant (P < 
0.05). During Phase II, MPAP was significantly greater 
(P « 0.05) during ventilation with air than with oxygen. 
The MPAP air value remained significantly elevated dur- 
ing Phase III, but the oxygen value returned to within 
control levels. The PVR increased (P « 0.001) during 
Phase II air and oxygen ventilation, both remained sig- 
nificantly elevated during Phase III. The WP remained 
constant, the mean for the three phases was 3.8 + 
0.5 torr. The central venous pressure during the three 
phases remained at 0.76 + 0.3 torr. 

Group B dogs showed similar changes in pulmonary 
.and cardiovascular parameters (Table 3). The CO re- 
turned to control levels after reinfusion of shed blood, 
declined and remained so for the 24 and 48 hour period 
and returned to control levels at 72 hours. MPAP and 
PVR showed marked increases following reinfusion with 
a return to control levels within 24 hours. A delayed re- 
turn of CO was also observed in other studies, and as 
in this study, the reason for the delayed recovery is not 
known. 


Alveolar-Arterial Oxygen Tension Difference, Diffusing 
Capacity and Water Volumes 


In Group A dogs during ventilation with oxygen in 
Phase I, the total P(A~a)O, was 90.6 + 27 torr; this 
difference was reduced slightly, but not significantly, to 
71.6 + 19.2 torr during Phase II, with a return in Phase 
III to 97.0 + 12.6 torr, The contribution to total P(A- 
a)O:D by shunting (Q,/Q«) was 7.02 + 2.2% of the 
cardiac output during Phase I, with a decrease to 4.16 + 
1.3% and 4.16 + 0.7% during Phases II and III. 

Total P(A-a)O,D during air ventilation (Figure 1) 


was 26.2 + 4.4 torr and remained unchanged at 27.6 + 
4.4 torr (Phase II) and 25.2 + 42 torr (Phase III) (Fig. 
1). Ventilation/perfusion imbalance (V4/ Q.) contribu- 
tion to the P(A-a)O;D increased slightly during Phase œ~ 
II (26.0 + 4.8 torr) from Phase I (19.6 + 4.4 torr) with 

a return to control levels at Phase III (20.4 + 4.6 torr). 
P( A-a )OD during air and oxygen ventilation during all : 
phases indicates no significant alterations in the lung's 
oxygen exchange capabilities. 

D,,o did not change during the study, the mean for 
three phases remaining at 210 + 1.2 ml/sec/torr 
(Fig. 1). There was no change in PEWV (Fig. 2), the 
mean for the three phases being 85.7 + 4.1 ml. TW in 
the Group A dogs was 3.28 gm/kg body weight (Fig. 2). 

The Group B dogs showed no changes in D; and 


PEWV (Fig. 2), the mean for the five phases was 27.2 = 


0.9 ml/sec/torr and 99.0 + 8.0 ml, respectively. The D; 
was slightly higher in this group of larger dogs as com- 
pared to the previous group. The TW (3.46 + 0.05 gm/ 
kg body weight). was again within the normal range for 
the dog. The total P( A-a)O;D on air remained constant ., 


at 23,7 + 1.4 torr for the five phases, with no marked 


changes in A-a gradient produced by Q./O (9.0 + 1.6 
torr) or V,/Q. (14.5 + 2.1 torr). 


Gross and Microscopic Findings 


In none of the microscopic sections was there evidence 
of congestion, edema, thrombosis, or rupture of alveolar 
capillaries. In some of the lungs the alveoli mainly near 
the pleural surface were distended and in some of them, 
wall were ruptured, but these were believed to be arti- 
facts resulting from the perfusion fixation. Evidence of 
mild spontaneous disease was found in two dogs which 


TABLE 3. Group B Dogs wilh Air Ventilation 
(Mean Values + S.E. of Three Dogs) 


PaO, torr pH, CO L/min SVR dynes/cm? PAP torr PVR dynes/cm? ae 
Phase I 91.0 + 6.5 7.399 + 0.029 4.48 + 0.63 2015.3 + 268.9 14.0 + 1.5 119.2 + 43.8 

Phase If 84.2 + 6.0 7.188 + 0.037 5.13 + 0.65 2652.1 + 801.7 20.8 + 3.4 255.5 + 54.09 

Phase IT] 82.5 + 6.7 7.431 + 0.050 3.79 + 0.55 3309 + 492.4 12.5 + 2.8 244.3 + 111.2 

Phase IV 92.7 4 2.3 |. 7.393. + 0.024 4.12 + 1.20 2071.3 4+ 518.5 12.6 + 2.0 235.3 + 18.9" 

Phase V 90.4 + 3.8 7.351 + 0.015 4.42 + 0.76 2170.0 + 616.3 12.5 4 1.5 201.9 + 36.3 
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was limited to scattered focal infiltration of alveoli and 
bronchioles by neutrophils, macrophages, and eosino- 


~ phil, and some generalized mild neutrophilic infiltration 


of septal walls. 


Discussion 


Reports from this laboratory!95* and others?194! have 
documented pathophysiologic changes in pulmonary 
function during hemorrhagic shock in dogs. In general 
„the abnormalities reported are consistent with a redistri- 
bution of pulmonary blood flow?? as a result of vascular 
: constriction or obstruction and a variety of explana- 
tions have been hypothesized. These changes are prob- 
ably accounted for by five groups of causes, as follows: 
(1) the effects of anesthesia and surgery; (2) the intra- 
venous reinfusion of stored blood containing particulate 
debris; (3) the release and/or absorption of vasoactive 
substances from the canine gut; (4) alteration of pul- 
monary vascular tone in response to changes in blood 


acid/base balance; and (5) direct lung damage as a re- 


sult of ischemia during hemorrhagic hypotension. 

The present study is part of a series of investigations 
to determine the relative importance of each of these 
mechanisms: 


Anesthesia and Surgery 


General anesthesia and mechanical ventilation may be 
associated with pulmonary abnormalities under certain 
conditions.?? An increased P( A-a)O4D and reduced pul- 
monary compliance occurs when anesthesia, muscle re- 
laxation, and posture combine to reduce lung volume 
and allow airway closure and atelectasis. These effects 


~~ are minimized when, as in these studies, large tidal vol- 


ume ventilation is employed. In an earlier study we dem- 
onstrated no progressive changes in pulmonary gas ex- 
change or lung water volume during a three hour period 
employing this anesthetic technique.?5 Furthermore, in 
the present study the control values for the pulmonary 
parameters that were measured were not different from 
the previous study's where the-animals had not been sub- 
jected to laparotomy. It may, therefore, be concluded 
that general anesthesia, mechanical ventilation, and prior 
abdominal surgery were not responsible for the changes 
that we had observed during hemorrhagic shock in dogs. 


Blood. Transfusion 


Blood may deteriorate during handling and storage, 
with the formation of aggregates, of fibrin, leucocytes, 
, platelets, and particulate debris. When such blood is in- 


74 fused intravenously, the pulmonary capillaries can act 


as a filtration bed and retain the material. Pulmonary 
damage has been documented following the intravenous 
 reinfusion of blood, whereas with intra-arterial transfu- 
* sion the pulmonary changes were minimized.?135 Fibrin 
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25 


“+4 


D, ml/sec/torr 


P(A-a) OSD torr 





Post — infusion 


iHemorrhoge: 


Control 


TIME (hours) 


Fic. l. Comparisons of values of CO diffusing capacity (Dx) 
and alveolar-arterial oxygen tension differences (P(A-a)O;D) 
during ventilation with air, before and after hemorrhagic hypo- 
tension and reinfusion of shed blood in Group A dogs. No sig- 
nificant changes were observed. 


strands and platelet microemboli have been re- 
ported!:2229 in the pulmonary arterioles and capillaries 
and an increased pulmonary vascular resistance ex- 
plained either as a result of mechanical obstruction by 
platelet aggregates!** or by pulmonary venous constric- 
tion?9!" following local release of vasoactive materials. 
A direct relationship between increasing SFP and ele- 
vated PAP has also been reported in dogs.'*.3° 

However, in this laboratory an intravenous exchange 
transfusion?! of two week old stored dog blood in non- 
shocked dogs anesthetized and ventilated in the manner 
described did not produce any changes in lung function 
or pathology and only a small increase of pulmonary 
vascular resistance. In addition, the formation of aggre- 
gates in the stored blood was found to be minimal as 
measured by screen filtration pressure, The reasons for 
this difference from the results reported by others*12?? 
may be individual variability of the response to storage 
of the donor blood or more likely, differences in the col- 
lection, handling, and storage procedures. 

However, to ensure that these effects would not com- 
plicate the observations, all shed blood in this and pre- 
vious studies was passed first through a glass wool filter 
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MEAN PULMONARY ARTERIAL PRESSURE torr 


400 
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PEWV ml 





3 4 5 6 


O 
CONTROL HEMORRHAGE 


TIME (hours) 


and then reinfused intra-arterially with passage through 
a peripheral capillary bed before returning to the Jungs. 
In these circumstances, it appears unlikely that the pul- 
monary changes in our studies were caused by the collec- 
tion, storage, and reinfusion of the animal’s blood. 
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Fic. 3. Relationship between mean pulmonary arterial pressure 
(MPAP) and mixed venous [H+] concentration on both air and 
oxygen ventilation. There is a maximal increase in PAP during 
air breathing with an elevated [H+]. 
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SOMA AND OTHERS 


O = Hemorrhagic shock 
X = Hemorrhagic shock (pancreatic ligation -A) 


@= Hemorrhagic shock (pancreatic ligation - B) 
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Fic. 2. Comparison of 
changes in dase | ex- 
travascular water volume 
before and after hemor- 
rhagic hypotension in 
Group A and B dogs from 
the present study with a 
previous study in which 
pancreatic ligation was 
not performed.* No sigs 
nificant changes in 
PEWV occurred with 
Groups A and B, whereas 
in the absence of pan- 
creatic ligation hentor- 
thagic shock was assogi- 
ated with an increased 
apparent lung water vol- 
ume. The figures in pa- 











(3.5) 


lung water volume in ml/ 
kg body weight obtained 

ter death. They were 
not significantly different, 
indicating that the in- 
creased PEWV observed 
pipe had resulted 
rom a changed distribu- : 
tion of pulmonary blood 
flow? rather than the 
idis ud of pulmo- 


nary edema. 





e4 48 T2 


Pulmonary Hemodynamics 


The hemodynamic changes observed in this study for 
both the pulmonary and systemic circulations were simi- 
lar to those reported by others.^193231 A reduction of 
PAP, PVR, CO, SVR, and MSBP during the hypotensive 
period with a rapid restoration following the reinfusion - 
of blood. There was a substantial increase in PAP and 
PVR following reinfusion but we found no microscopic 
evidence of trapping of platelet aggregates or fibrin 
thrombi. 

The pulmonary vasculature responds to changes in the 
PO, PCO, and pH. The increase in PAP correlates 
well with changes in mixed venous [H*] and oxygen ten- 
sion (Figure 3). PAP was highest during Phase II air 
ventilation when P,H* was highest and PaO, the lowest. 
As the animal's acid-base status improved, PAP returned 
to control levels. This increased pulmonary vasconstric- 
tion to lowered oxygen tension in the presence of a de- 
creased pH has been demonstrated previously,9*59 a]. 
though not apparently in this context. 


Pancreatic Duct Ligation 


In our previous studies of hemorrhagic shock in 
dogs!953 the changes in P(A-a)O2D, Di, and PEWV 
(Figure 2) coincided with the development of henior- 
rhagic enteritis manifested by the appearance of bloody -~ 


renthesis are the total ^x 
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' diarrhea and widespread hemorrhage from the intestinal 


ex 


X 


e 


wall at post mortem. 

While intestinal hemorrhage is not uncommon during 
shock states in other species, the consistency and severity 
of the condition is characteristic of the canine response 
to hemorrhagic shock. The cause of this reaction appears 
to be a loss of resistance of the intestinal wall to lysis by 
pancreatic enzymes. Ligation of the pancreatic ducts 
or the introduction of anti-trypsin prior to the shock 
period into the intestine has been shown to increase sur- 
“vival rate in otherwise irreversibly shocked dogs.‘ 

When pancreatic enzymes.are present the intestine is 
ertzymatically damaged during the period of hemor- 
rhagic hypotension and ischemia. With the reinfusion 
of shed blood splanchnic flow becomes reestablished 
and products from the sites of injury enter the circula- 
tion. The hypothesis that pulmonary changes during 
hemorrhagic shock are secondary to the release of such 
vasoactive substances or thrombi from the damaged in- 
testine is supported by the present study. When the pan- 
creatic ducts were ligated there was no evidence of 
either pulmonary, pathologic, and physiologic changes 
or hemorrhagic enteritis during the hemorrhagic shock 
period. 

Several reports from other laboratories have docu- 
mented pathologic changes in the lungs up to 72 hours 
following hemorrhagic hypotension, even when hemor- 
rhagic enteritis was prevented.*J2?? However, it was 
not possible to exclude the effects of anesthesia, surgery, 


and/or blood transfusion as etiologic factors in those 


studies. 


Hemorrhagic Hypotension and Pulmonary Damage 


The question initiating this series of studies was 
whether the pulmonary changes that had been observed 
following resuscitation from hemorrhagic hypotension 
were attributable to primary effects of hypotension on 
the lung or secondary to abnormalities developed in 
other organs associated with the resuscitation itself. 

The second (Group B) experiment in the present 
series was undertaken to examine the possible occur- 
rence of delayed pulmonary changes up to 72 hours 
after hemorrhagic hypotension. Again, no changes in pul- 
monary function or histology were observed in these 
dogs. 

When secondary effects were eliminated (by pancre- 
atic ligation, blood filtration, and intra-arterial transfu- 
sion), pulmonary damage was not observed following a 
period of hemorrhagic hypotension. This conclusion that 


" hypotension alone is not followed by pulmonary impair- 


" ment is reinforced by the absence of lung damage re- 


ported by others following several hours of total pul- 
monary artery ischemia*? and/or hypoxia. 


*. The importance of this conclusion clinically is the im- 
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plication that pulmonary damage could be avoided after 
hemorrhagic hypotension if secondary factors were iden- 
tified and eliminated. In the clinical setting additional 
complications such as trauma, surgery, infection, drugs, 
and intercurrent disease may further obscure the origins 
of lung damage.?525 It seems reasonable to expect that 
the roles and interactions of each of these can be evalu- 
ated and their effects prevented or reversed as detailed 
information becomes available. 


Summary 


Ten dogs, in which the pancreatic ducts had been 
ligated, were subjected to three hours of hemorrhagic 
hypotension. In seven animals cardiopulmonary func- 
tion was assessed prior to the shock period and for three 
hours following the reinfusion of shed blood. There were 
no significant changes in pulmonary extravascular water 
volume, CO diffusing capacity, or alveolar-arterial Oz 
tension. differences. Pulmonary blood pressure and vas- 
cular resistance increased following reinfusion of blood, - 
but returned to control levels during the immediate 
post-reinfusion period, and gradually declined. Syste- 
mic blood pressure and vascular resistance returned to 
control levels following the reinfusion of shed blood and 
gradually declined during the three hour post-infusion 
period. 

In three dogs, which were allowed to recover and 
studied on subsequent days, no changes in pulmonary 
function were seen. Ás noted by other authors, there 
was a depression of cardiac output during the 24 and 
48 hour period, with a return to control values at 72 
hours. Total lung water volumes at post mortem exam- 
ination were normal and no gross or histological abnor- 
malities were found in either set of dogs. | 

During hemorrhagic hypotension lung function is im- 
paired and, in addition, a variety of pulmonary abnor- 
malities have been described following resuscitation by 
reinfusion of shed blood. 

In the present studies physiologic and pathologic ab- 
normalities were not observed following hemorrhagic 
hypotension in dogs when hemorrhagic enteritis was 
prevented and attention paid to handling and filtration 
of blood prior to reinfusion. The present studies support 
the hypothesis that a period of hypotension alone was 
not responsible for the previously reported evidence of 
lung damage and that tbe short-lived changes in pul- 
monary artery pressure were adequately accounted for 
by the interaction of pulmonary vascular tone with 
blood oxygen tension and hydrogen ion concentration. 
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ANCEF sterile cefazolin sodium 
has produced no nephrotoxicity 


in extensive clinical trials. 


(Transient rise in SGOT, SGPT, BUN and alkaline phos- 
phatase levels has been observed without clinical evidence of 
renal or hepatic impairment.) 


Adverse Reactions 


Adverse reactions reported in the clinical trials included: pain 
on injection, rash, G.I. symptoms, pruritus and phlebitis. For 
a complete list of adverse reactions associated with Ancef 
therapy please see brief summary of prescribing information 
on last page of this advertisement. 
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Number of % Good or 

Site of Infection Patients "Excellent" Response” 
Respiratory Tract St 93% 
Genitourinary Tract 544 93% 
Skin and Soft Tissue 122 84% 
Blood and Lymph 69 81% 
Bone and Joint 35 80% 
Miscellaneous and 

Multiple Site 34 85% 





The preceding results were collected from identical clinical 
protocols with comparable criteria of efficacy 

*Excellent: Initial improvement at 1-3 days with maximum 
improvement between 3-7 days. Good: Initial improvement 
at 2-4 days with maximum improvement between 4-10 days 


See following page for a brief summary of prescribing infor- 
mation including contraindications, warnings, precautions 
and dosage. 
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Microbiology: /n vitro tests demonstrate that the bactericidal action 
of cephalosporins results from inhibition of cell wall synthesis 
Ancef is active against the following organisms in vitro 


Staphylococcus aureus (penicillin-sensitive and penicillin-resistant) 
Group A beta-hemolytic streptococci and other strains of strep 
tococci ( many strains of enterococci are resistant) 
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Proteus mirabilis 
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(P. vulgaris, P. morgani, P. rettgeri) are resistant. Methicillin-resistant 
staphylococci, serratia, pseudomonas, mima, herellea species are 
almost uniformly resistant to cefazolin 


INDICATIONS 
Ancef (sterile cefazolin sodium, SK&F) is indicated in the treatment of 


the following serious infections due to susceptible organisms 


Respiratory tract infections due to Diplococcus pneumoniae 
Klebsiella species, Hemophilus influenzae, Staphylococcus aureus 
(penicillin-sensitive and penicillin-resistant), and group A beta 
hemolytic streptococci 


Injectable benzathine penicillin is considered to be the drug of choice 
in treatment and prevention of streptococcal infections, including 

the prophylaxis of rheumatic fever Ancef is effective in the eradica- 
tion of streptococci from the nasopharynx; however, data establish- 
ing the efficacy of Ancef in the subsequent prevention of rheumatic 
fever are not available at present 


Genitourinary tract infections due to Escherichia coli, Proteus 
mirabilis, Klebsiella species, and some strains of enterobacter and 
enterococci. 


Skin and soft-tissue infections due to Staphylococcus aureus 
(penicillin-sensitive and penicillin-resistant) and group A beta- 
hemolytic streptococci and other strains of streptococci 

Bone and joint infections due to Staphylococcus aureus 


Septicemia due to Diplococcus pneumoniae, Staphylococcus 
aureus (penicillin-sensitive and penicillin-resistant), Proteus mirabilis 
Escherichia coli, and Klebsiella species 


Endocarditis due to Staphylococcus aureus ( penicillin-sensitive and 
penicillin-resistant), and group A beta-hemolytic streptococci 


Appropriate culture and susceptibility studies should be performed 
to determine susceptibility of the causative organism to Ancef 


CONTRAINDICATIONS 
ANCEF’ IS CONTRAINDICATED IN PATIENTS WITH KNOWN 
ALLERGY TO THE CEPHALOSPORIN GROUP OF ANTIBIOTICS 


WARNINGS 

IN PENICILLIN-ALLERGIC PATIENTS, CEPHALOSPORINS 
SHOULD BE USED WITH GREAT CAUTION. THERE IS CLINICAL 
AND LABORATORY EVIDENCE OF PARTIAL CROSS-ALLER 
GENICITY OF THE PENICILLINS AND THE CEPHALOSPORINS 
AND THERE ARE INSTANCES OF PATIENTS WHO HAVE HAD 
REACTIONS TO BOTH DRUG CLASSES (INCLUDING FATAL 
ANAPHYLAXIS AFTER PARENTERAL USE) 


Any patient who has demonstrated some form of allergy, particularly 
to drugs, should receive antibiotics, including Ancef (sterile 
cefazolin sodium, SK&F) cautiously and then only when absolutely 


.' wfromSKs .. 


ANCEF brand of 


‘CEFAZOLIN SODIUM 


(lyophilized ) 


necessary. Serious anaphylactoid reactions require immediate 
emergency treatment with epinephrine. Oxygen, intravenous 
Steroids, and airway management, including intubation, should also 
be administered as indicated 

Usage in Pregnancy: Safety of this product for use during pregnancy 
has not been established 

Usage in Infants: Safety for use in prematures and infants under 1 
month of age has not been established 


PRECAUTIONS 

Prolonged use of cefazolin sodium may result in the overgrowth of 
nonsusceptible organisms. Careful clinical observation of the patient 
is essential 


When Ancef is administered to patients with low urinary output 
because of impaired renal function, lower daily dosage is required 
(see dosage instructions). A false positive reaction for glucose in the 
urine of patients on Ancef has occurred with Clinitest~ tablets 
solution 


ADVERSE REACTIONS 

The following reactions have been reported 

Hypersensitivity: Drug fever, skin rash, vulvar pruritus, and 
eosinophilia have occurred 

Blood: Neutropenia, leukopenia, thrombocythemia and positive 
direct and indirect Coombs tests have occurred 


Hepatic and Renal: Transient rise in SGOT, SGPT, BUN and alkaline 
phosphatase levels has been observed 

Gastrointestinal: Nausea, anorexia, vomiting, diarrhea, oral can- 
didiasis ( oral thrush) have been reported 


Other: Pain at site of injection after intramuscular administration has 
occurred, some with induration. Phlebitis at site of injection has been 
noted 


DOSAGE AND ADMINISTRATION 

Ancef may be administered intramuscularly or intravenously after 
reconstitution 

Dosage 

In adults, usual dosage for mild gram-positive infections is 250 mg 
to 500 mg. of Ancef every 8 hours. In acute uncomplicated urinary 
tract infections, a dosage of 500 mg. every 8 hours is usually ade- 
quate. In moderate or severe infections, the usual adult dosage is 
500 mg. to 1 gram of Ancef every 6 to 8 hours. Ancef has been 
administered in dosages of six grams per day in serious infections 
such as endocarditis. Ancef may be used in patients with reduced 
renal function with the following dosage adjustments: In patients 
with mild to moderate impairment (creatinine clearance of 60-40 
ml./min.) 60% of the normal daily dose given in divided doses q12h 
should be sufficient. In patients with moderate impairment (creatinine 
clearance of 40-20 ml./ min.) 25% of the normal daily dose given in 
divided doses q12h should be sufficient. In patients with marked 
impairment (creatinine clearance of 20-5 ml./ min.) 1096 of the 
normal daily dose given q24h should be adequate. All dosage 
recommendations apply after an initial loading dose of 500 mg. 


I^ children, a total daily dosage of 25 to 50 mg. per kg. (approxi- 
mately 10 to 20 mg. per pound) of body weight, divided into three or 
four equal doses, is effective for most mild to moderately severe 
infections. Total daily dose may be increased to 100 mg. per kg. (45 
mg. per pound) of body weight for severe infections. Since safety for 
use in premature infants and in infants under one month has not 
been established, the use of Ancef in these patients is not recom- 
mended 

For additional information on dosage and administration, see pack- * 
age literature or contact your SK&F Representative 

HOW SUPPLIED 

Ancef? (sterile cefazolin sodium, SK&F) — supplied in vials equivalent 
to 250 mg., 500 mg., and 1 gram of cefazolin 


Smith Kline & French Laboratories, Division of SmithKline Corp., 
Philadelphia, Pa. 19101 
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Colonic Necrosis Complicating Postoperative Pancreatitis 


Y 


ITH IMPROVEMENTS in the management of fulminat- 
Wing acute pancreatitis, more patients are surviving 
the acute phase of the disease only to develop compli- 
cations not considered in the past. Among these are the 
complications involving the colon: fistula, necrosis and 
stenosis.?? | 

This case report of colonic necrosis occurring in the 
course of acute necrotizing pancreatitis is presented to 
focus attention on this infrequently reported complica- 
tion of pancreatitis. 


Case Report 


D. B. (32405899), a 48-year-old white female, was admitted 
to thé Long Island Jewish-Hillside Medical Center for the first 
"time on November 25, 1971 because of biliary colic of four months 
duration. On occasion, the colic was associated with chills and 
fever, but the patient was never clinically jaundiced. 

Past medical history included hypertension controlled with 
therapy, severe asthma and emphysema, multiple allergies includ- 
ing penicillin, and a vague history of a bleeding tendency follow- 
ing minor surgical procedures. 

On physical examination, there were rhonchi at the right lung 
base and minimal tenderness in the right upper quadrant. 

Laboratory examination revealed a normal blood count, a mark- 
edly elevated alkaline phosphatase, a slightly elevated SCOT and a 
normal serum bilirubin. A coagulation profile was normal. Pul- 
monary function studies were indicative of chronic obstructive 
pulmonary disease with a Maximum Ventilatory Volume less than 
50% of predicted values. Following a course of antibiotics, 
bronchodilators and intermittent positive pressure breathing, the 
MVV rose to 80% of predicted values. An oral cholecystogram re- 
vealed multiple stones. . 

Cholecystectomy and common duct exploration were performed 
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on December 8, 1971 for chronic cholecystitis, cholelithiasis and 
choledocholithiasis. A cystic duct cholangiogram revealed com- 
mon duct stones but failed to show patency of the ampulla. After 
removal of the stones, there was still no passage of dye into the 
duodenum. Consequently a duodenotomy was performed. No 
obstruction was found, and the duodenotomy was closed. A 
T-tube and a tube gastrostomy were inserted and the operation 
completed. 

On the second postoperative day the patient developed severe 
abdominal pain, signs of progressive peritonitis, fever and shock. 
The amylase was 1260 Somogyi units. The serum calcium fell 
from 9.6 mgm% to 5.4 mgm%. The patient responded to hydration, 
antibiotics and calcium but remained critically ill for many days 
and then gradually improved. A T-tube cholangiogram was per- 
formed on the tenth postoperative day because of bile leakage 
around the T-tube and revealed a normal biliary system with free 
flow of dye into the duodenum. On the fourteenth postoperative 
day, the patient spiked a temperature to 103.4 with shaking chills 
and an abdominal x-ray revealed mottled air in the mid-abdomen 
(Fig. 1). Over the next 24 hours the patient went rapidly down- 
hill with progressive abdominal findings and she was re-explored 
on December 24, 1971. Laparotomy revealed a large pancreatic 
abscess and peritonitis with multiple abscesses including a large 
pelvic abscess. In the upper portion of the left lumbar gutter, 
there was a large abscess surrounding the descending colon in 
which stool and a piece of necrotic material were lying free. The 
necrotic material, pathologically, proved to be necrotic colon. The 
abscesses were drained and a colostomy performed in the distal 
transverse colon. 

Postoperatively, the patient was given massive antibiotics, fluids 
and hyperalimentation. The patient slowly improved until the 
23rd postoperative day when she had a massive retroperitoneal 
hemorrhage manifested by shock, a hemoglobin drop from 10.5 
gm% to 3.4 gm % but no immediate external blood loss. The pa- 
tient responded well to transfusion. The following day, old blood 
drained from the distal limb of the colostomy and from all drain 
sites, Thereafter, the patient continued to improve. 

The patient was discharged on the 123rd hospital day with a 
functioning colostomy and a persistent left lower quadrant drain 
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Fic. 1. Abdominal x- 
ray showing mottled air 
in the mid-abdomen inf 
dicative of pancreatic ab- 
Scess 


~ 





site which communicated with the fistula in the descending colon. 
There was a tract extending up to the left subphrenic space 
(Fig. 2). 

Subsequent fistulogram revealed closure of the subphrenic tract 
but an extension to the right side of the pelvis. This extension also 
gradually healed. 

The patient was re-admitted in September 1972 and had re- 
section of the fistula and re-anastomosis of the colon. The colos- 
tomy was closed on November 7, 1972 and the patient is now 
well. * 


Discussion 

The anatomy of the peritoneal coverings of the pan- 
creas is pertinent to the occurrence of these lesions. “The 
two layers of the transverse mesocolon cover the an- 
terior and inferior surface of the body of the pancreas, 
and the inferior layer continues over the inferior surface 
of the head of the pancreas. Thus, the anterior part of 
the head of the pancreas is in contact with the transverse 
colon via the two leaves of the transverse mesocolon. 
The pancreatic tail lies in the phrenicolienal ligament 
which is contiguous with the splenic flexure. Thus any 
pancreatic inflammatory exudate has ready access to the 
transverse mesocolon and the phrenicolienal ligament 
and thus to the transverse colon and splenic flexure along 
with their vascular supply.”® 

The location of the necrotic and perforated lesions is, 
most frequently just proximal to the splenic flexure but 
may occur anywhere from hepatic flexure to just distal 
to the splenic flexure.* Necrosis never occurs during the 


Fic. 2. Sinogram demonstrating a colocutaneous fistula with a 
sinus tract extending to the left subphrenic space initial acute phase of pancreatitis but rather takes place 
& 
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during peripancreatic suppuration and pseudocyst for- 
mation. This suggests that pancreatic enzymatic diges- 
tion does not play a major role. Probably pressure from 
an enlarging inflammatory mass and bacterial digestion 
cause erosion and thrombosis of the colonic venous sup- 
ply? Colonic gangrene is known to occur in pancreatitis 
associated with occlusion of the portal venous system.’ 


. «Colonic necrosis is a potentially lethal complication of 


protracted pancreatitis by virtue of its propensity to 
induce severe hemorrhage or fulminating sepsis. Once 
perforation has occurred, there exists enterokinase, an 
activator of trypsinogen and this added to suppuration, 
may lead to erosion of arteries and major hemorrhage. 

The use of antibiotics during the recovery phase of 
acute pancreatitis and prompt drainage of lesser sac 
collections may play a role in preventing colonic necro- 
sis. Once necrosis and/or perforation is suspected, a 
hypaque enema should be performed to substantiate the 
diagnosis. If the diagnosis is established by roentgen 
examination, immediate surgery is indicated in an at- 
tempt to prevent the development of sepsis and/or 
hemorrhage. Colostomy and wide drainage of the ne- 
crotic area is the surgical procedure of choice. 


COLONIC NECROSIS 
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Summary 


1. A case of colonic necrosis and fistula developing as 
a complication of acute pancreatitis is presented. 

2. Hypaque enema may help establish the diagnosis. 

3. In this patient, prompt drainage and proximal 
colostomy were indicated as emergency surgical therapy 
and led to a successful outcome. 
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The Effect of Vagotomy on Biliary Secretions 
and Bile Salt Pools in Dogs. 


THOMAS T. WHITE, M.D.,* ROBERT A. TOURNUT, M.D.,t DOMENIC 
SCHARPLATZ, M.D.,* HELGE KAVLIE, M.D.,t ARTHUR D.X 


OHNSON AND BOYDEN' and others!'?! have shown that 
the volume of the gallbladder doubles within a year 
following vagotomy and that the response of the gall- 
bladder to a meal is less affected by selective vagotomy 
than by truncal vagotomy.* On the other hand, the 
response to cholecystokinin was the same in both in- 
stances.?® 

The debate has continued, however, because the ques- 
tion remains as to whether vagotomy produces gallstones, 
and whether there is an increased incidence of chole- 
cystitis and gallstones following vagotomy and/or stom- 
ach surgery. Different authors!^1?!* have recorded the 
clinical appearance of gallstones in postvagotomy pa- 
tients. The incidence of gallstones after vagotomy is 
22.8% as opposed to an 8.2% probability on studies of 
general population. 

Different groups have carried out studies on dog bile 
following vagotomy. They have all studied only the 
concentrations of the different elements, and have done 
the experiments in different ways. Fletcher and Clark? 
used an external bypass for the bile and found a de- 
creased concentration of cholates after vagotomy, which 
might be the cause of cholesterol precipitation. Inberg, 
Anonen, and Scheinen® noted no change in the total 
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bile acid contents of the gallbladder following vagotomy, 
but a decrease in the deoxycholate secretion either after 
pyloroplasty alone or vagotomy and pyloroplasty. There 
was no change in phospholipid or cholesterol levels. They 
felt that the changes could be attributed to the pyloro- 
plasty. Tompkins and his associates?* have shown that 
cutting the posterior vagus and pyloroplasty did not 
significantly alter the concentrations of cholesterol and 
phospholipids." On the other hand, truncal vagotomy 
produced a significant decrease in phospholipids imme- 


diately following vagotomy followed by slight increase. ™ 


There was no change in either instance in the concen- 
tration of cholates. Sheen!® showed an increase in both 
phospholipids and cholesterol and no change in cholates. 

Because of the conflicting results reported above, we 
decided first of all to study bile as obtained from the 
cystic duct (and failed because we could not obtain 
enough bile in samples for studies), then from the gall- 
bladder in chronic fistula dogs, then study the effect of 
anesthesia on the concentrations of bile elements in the 
bile acid pool and finally the effect of vagotomy on these 
elements. 


Material and Methods 


Twelve mongrel dogs each were used for experiments. 
The dogs, weighing 14 to 25 kg (average 18.5 kg) were 


prepared by cannulation of the gallbladder with a No. 8~ 


French polyvinyl children’s feeding tube brought out to 
the surface on a stainless steel cannula fixed between the . 
muscles on the flank, as described in Hopton and White.” 
In addition, a Heinicke-Mickulicz pyloroplasty was car- 
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' ried out. Six weeks later the dogs were reanesthetized 


with sodium pentobarbital (30 mg/kg). Four weeks later 
_ a transthoracic truncal vagotomy was performed. All dogs 
"were fed a standard diet of canned horse meat- and liver 
at the same rate throughout the experiment. After the 
experiment had been completed, the dogs were sacrified. 
At autopsv the gallbladder was enlarged and no intact 
nerves were identified at the site of the vagotomy. For 
each studv about 6 ml of bile for chemical analysis was 
obtained by aspirating the tube leading to the gall- 
bladder. 

In the first six dogs preliminary studies on concen- 
trations of bile cholesterol, phospholipids and cholates 
were carried out before, and one week and six weeks 


nos vagotomy. 
In the second group of six dogs bile acid pools were 


determined in addition to the concentration of these 
acids before and after anesthesia, one week, six weeks, 
and five months after vagotomy. To do this the dogs 
were fed purified (1*C5,) cholic acid (5. 6 uc to 10.64 uc) 
added to 25 mg of cold carrier cholic acid in milk. Bile 
was aspirated daily for the first four days following 
administration of the radioactive cholic acid. 


Chemical Materials and Methods 


. Cholic acid (14C5,) (46 mc/mM ) was purchased from 
New England Nuclear ( NEC)-241). The unlabeled cholic 
acid was obtained from Calbiochem (A grade, #£2291). 
Cholylglvcine hydrolase (E.C. 3.5) was a product of 
Mann Research Laboratories, and Diazald was obtained 
from Aldrich Chemical Corporation. All other chemicals 
used were reagent grade, and solvents were redistilled 
prior to use. 


TABLE 1. 


EFFECT OF VAGOTOMY 
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Purification of Radioactive Bile Acids 

Purification of (14C34) cholic acid was carried out by 
descending liquid partition chromatography? on What- 
man 3MM paper with an IPE/H 20:80 mobile phase 
and a 70% acetic acid stationary phase. The recovered 
bile acids were rechromatographed using IPE/H 85:15 
as the mobile phase and the same stationary phase. Gas 
chromatographic analysis (as described below) of the 
cholic acid fraction, followed by liquid scintillation’ 
counting of the products showed that all of the radio- 
activity was under the cholic acid peak. The radioactivity 
in the samples was measured with a scintillation cocktail 
which contained 7g/1 DPO and 0.6 g/l POPOP in 
toluene. The Liquid Scintillation Counter used was a 
Packard Model 3320 equipped with automatic external 
standardization. 


Determination of Bile Acids in Samples from the T Tubes 


Bile samples were prepared for gas-liquid chromatog- 
raphy by the method of Olson and White. 100.1 of 
each bile sample was extracted with 20 ml of chloroform- 
methanol (2:1, v/v), and partitioned with 4.0 ml of 
deionized water.* The methanol-water phase containing 
the bile acids was evaporated to dryness at 50°C with a 
stream of nitrogen. The sample was redissolved in 10 ml 
of 0.01 M phosphate buffer, pH 5.6, followed by the 
addition of 1004M of EDTA, 140 „M of 2-mercapto- 
ethanol and 2000 Nair units of cholyglycine hydrolase. 
The solution was incubated at 37° for 30 minutes with 
gentle agitation at five minute intervals. 

Hydrolysis was complete in 30 minutes, and the sam- 
ple was transferred to a 500 ml separatory funnel with 
190 ml of deionized water. The aqueous solution was 


Effect of Vagotomy on the Concentrations of Various Bile Elements 


One Week Post Six Weeks Post Five Months Post 
Control Anesthesia Vagotomy Vagotomy Vagotomy 
Cholesterc! mM% 0.20 + 0.05 0.21 + 0.06 0.19 4- 0.04 0.17 -+ 0.11 0.20 + 0.06 
N.S. N.S. N.S. N.S. 
Phospholipids mM% 6.77 + 1.50 5.86 + 1.86 5.84 + 0.86 7.57 + 1.26 4.99 + 1.21 
N.S. N.S. P « 0.01 P « 0.001 
Cholic Acid mM 9$ 18.83 + 5.24 16.24 + 6.06 21.49 + 3.78 9.95 + 1.83 12.79 + 1.96 
N.S. P «0.01 P « 0.001 P « 0.001 
Deoxycholic Acid mM 95 10.50 + 3.09 8.50 + 2.42 | 5.40 + 2.29 6.27 + 1.66 5.11 + 2.03 
| P « 0.05 P « 0.001 P « 0.001 P « 0.001 
Chenodeoxycholic acid mM % 0.87 + 0.30 0.69 + 0.29 0.59 +: 0.25 1.12 + 0.32 1.36 + 0.48 
P «0.05 P «0.001 P «0.001 P < 0.001 
Total Bile Acid mM% 30.54 + 5.90 26.66 + 5.52 27.86 + 4.30 17.41 + 2.61 26.99 + 5.86 
l P < 0.05 N.S. P « 0.001 P « 0.01 
Molar Ratios: 
Total Bile Acid i 
————— 154.39 + 40.29 131.19 + 53.05 155.53 + 42.07 75.03 + 10.09 97.13 + 60.37 
Cholesterol N.S. N.S. P « 0.001 P « 0.01 
Total Bile Acid . 
-F.phospholipid 
———— 189.00 + 44.35 160.99 + 56.80 189.32 + 39.36 107.38 + 11.62 137.77 + 64.14 
Cholesterol N.S. N.S P « 0.001 P « 0.05 
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acidified with 3.0 ml of concentrated HCI and extracted 
three times with 50 ml aliquots of diethyl ether. The 
ether phases were combined and reduced to dryness with 
the aid of nitrogen. The dry residue was redissolved in 
5.0 ml of diethyl ether and a 2.0 ml aliquot was trans- 
ferred to a counting vial, while two 0.5 ml aliquots were 
derivatized and analyzed by GLC. 

The bile acids were methylated!? and acetylated?9 
prior to analysis by GLC. A Perkin-Elmer Model 900 
Gas Chromatograph equipped with a FID detector, and 
a 6 ft x X in (ID) column containing a 1% OV-1 liquid 
phase on Gas Chrom Q (100-110 mesh) was used to 
chromatograph the bile acids. The gas chromatograph 
was operated with a column temperature of 240°C and 
a carrier gas flow of 40 ml/min of nitrogen. The deriva- 
tized bile acids were redissolved in 500 pl of tetrahydro- 
furan, and. 24] of this solution was injected into the gas 
chromatograph. Each sample was analyzed in duplicate 
until a constant reproducible peak area was obtained. 

Recovery studies where known amounts of tauro- 
chenodeoxycholic and glycochenodeoxycholic acids were 
added to a previously analyzed bile sample, demon- 
strated a mean recovery of 902. The assayed bile sam- 
ples described in this paper were corrected for this 
10% loss. 


Determination of Lipids 


The lipids were determined by a modification of the 
method of Moline and Barron.? After separation of the 
lipids by silicic acid column chromatography, cholesterol 
and phospholipids were determined in the eluates. The 
cholesterol, largely free, came out in the chloroform 
eluate and was analyzed on an autoanalyzer by a modi- 
fication of the method of Levine and Zak? The phos- 
pholipids came out in the chloroform-methanol eluate. 
Phosphorus was separated from the phospholipids by 
digestion with sulfuric acid and analyzed by a modifica- 
tion of the method of Fiske and Subbarow.? 
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Calculations 
We have assumed that the radioactive bile acid de- 


teriorates according to simplified first-order kinetics as-^ 


suggested by Linstedt!? and Vlachcevic, et al? In this 
first-order equation, Y = Yoe*', is the cholic acid 
activity and at time t and K is the rate constant.” We 
estimated the initial cholic acid specific activity and rate 
constant from a regession line obtained from a plot of Y 
versus t on semilog paper. The half-life of the measurable 
cholic acid pool was calculated from the initial cholic 


acid specific activity and the ammount of administered, 


14C activity as cholic acid. The daily production of cholic 
acid was calculated from the equation P = KA where K 
is the rate constant and A is the cholic acid pool.” The 


cholic acid half-life was calculated from the formulan 


t # = 0.693/K. The total bile acid pool was calculated 
from the percentage of cholic acid in the total bile acids 
and the cholic acid pool half-life. The other bile acid 
pools were estimated from the total bile acid pool and 
the bile acid distribution. 


Results 


The effects of vagotomy on the concentrations of vari- 
ous bile elements in both groups of dogs are summarized 
in Table 1. There were no significant changes in the 
concentrations of cholesterol, phospholipids, or total 
cholates. The concentrations of cholic acid pool size, 
rate of synthesis, fractional turnover rate, deoxycholic 
acid chenodeoxycholic acid and total bile acid pools per 
kilogram are shown in Table 2. 

Phospholipid concentration was increased significantly 


six weeks after vagotomy from 6.77 to 7.57 in mM*$ while ~ 


the cholesterol was not modified throughout the experi- 
ment. The total cholate concentration was decreased 
slightly six weeks and five months after vagotomy. There 
was a most striking drop in the ratio of total cholate plus 
phospholipids to cholesterol from 189.00 + 44.35 in the 
control experiment to 107.38 + 11.62 (P « 0.001) six 


TABLE 2. Effect of Vagotomy on Bile Pool Size and Turnover Rate Relative to Animal Weight 


Control Anesthesia Vagotomy Vagotomy Vagotomy 
Cholic Acid Pool mg/kg 66.26 + 25.69 88.44 + 43.44 169.93 + 112.51 127.67 + 24.66 145.71 + 102.68 
. l N.S. P < 0.05 P « 0.01 P « 0.05 
Cholic Acid Synthesis mg/kg/day 27.18 + 7.90 33.26 + 13.33 22.92 -- 15.09 16.28 + 2.48 23.47 + 10.75 
i N.S. i N.S. P «0.05 N.S. 
Cholic Acid FTR* days? 0.45 + 0.19 0.42 + 0.15 0.16 + 0.17 0.13 + 0.02 0.19 + 0.07 
N.S. P « 0.05 P « 0.001 P « 0.001 
Deoxycholic Acid Pool mg/kg 40.50 + 30.61 43.18 + 26.9 47.72 + 21.15 76.66 + 17.41 54.20 + 18.70 ~ _ 
N.S. N.S. N.S. N.S. 
Chenodeoxycholic Acid Pool 2.94 + 1.17 2.97 + 1.49 5.12 + 3.83 13.78 + 2.04 13.30 + 1.58 
mg/kg N.S. N.S. P « 0.001 P « 0.001 
Total Bile Acids Pool mg/kg 109.70 + 53.75 134.46 + 163.52 222.77 4125.06 218.20 + 29.98 213.20 4 114.95 
N.S. P < 0.05 P < 0.01 P < 0.05 


* FTR = Fractional turnover rate. 


One Week Post 


Six Weeks Post 


Five Months Post 


& 





A Control Anesthesia 
Cholic acid rate constant 0.45 + 0.19 0.42 + 0.15 
Cholic acid pool gms 1.18 + 0.37 o 
Cholic acid daily production 0.49 + 0.28 jc 0. 19 

. gms N.S. 
% cholic acid pool renewed daily 42.30 + 19.4 40.60 + 14.10 
Cholic acid half-life days 1.74 + 0.65 185. Ton 
e Deoxycholic acid pool gms 0.68 + 0.37 0.71 Bim 
Chenodeoxycholic acid pool gms 0.052 + 0.013 0.080 d. 0.022 
Total bile acid pool gms 1.91 + 0.64 2. Poir .02 
f Bile volume ml 15.85 4+ 4.35 P 
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TABLE 3. 


21.31 + 8.76 
N.S. 


EFFECT OF VACOTOMY 


One Week after 
Vagotomy 


0.16 = 0.17 
P « 0.05 
3.57 = 1.41 
P « 0.001 
0.40 4- 0.22 

N.S. 

15.30 + 17.20 
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Six Weeks after 
Vagotomy 


0.13 + 0.02 
P « 0.01 
2.30 + 0.52 
P « 0.01 
0.29 + 0.05 
N.S 


13.50 + 2.30 
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Changes in Total Bile Acid Pools, Turnover, and Bile Volume as Affected by Anesthesia and Vagotomy 


Five Months after 


Vagotomy 


0.19 + 0.07 
P « 0.001 
3.21 + 3.00 
P «0.01 
0.50 + 0.36 
N.S. 
8.46 + 4.60 
P « 0.01 
3.91 + 1.49 
P « 0.001 
1.11 + 0.59 
P « 0.05 
0.261 + 0.051 
P « 0.001 
4.58 + 3.62 
P « 0.01 
53.54 + 25.47 
P « 0.001 





weeks after vagotomy, and to 137.77 + 66.14 (P « 0.001) 
five months after vagotomy. 


The details of the (7*C34) cholic acid study are sum- . 


marized in Table 3 and Fig. 1. The different bile acid 
pools increased, but at about the same rate. The cheno- 
deoxycholic acid pool increased +402% while cholic acid 
pool rose +172% and the deoxycholic acid pool ( -- 1002) 
increased less. The increase of the different pools did not 
closely follow the increase of the bile volume ( Table 4). 

When the changes were plotted on triangular coordi- 
nates, all the biles fell far below the line of solubility for 
cholesterol, because of the extremely low concentration 
of cholesterol throughout the experiment (Fig. 2). 


Discussion 


Tompkins, et aL?*??* have reported that the ratio of 
phospholipids to cholesterol is smaller in the bile from 
patients with gallstones than in normal patient bile. They 
thought that a possible effect of vagotomy might be a 
decrease in the cholesterol-holding capacity of the bile 
which might favor cholesterol precipitation. Nilssen and 
Schersten!? reported that diversion of bile acids from 
the enterohepatic circulation also lowered the levels of 
lecithin in bile. In our series a decreased ratio of phos- 
pholipids to cholesterol was observed only five months 
after vagotomy but not one or six weeks after vagotomy. 
Such an effect might be a long term effect of vagotomy. 

In another article Tompkins?* reported alterations -of 
the concentrations of bile phospholipids in the dog fol- 


lowing vagotomy. In their experiment each bile sample 


ami 
-4 


was aspirated from the gallbladder through a laparotomy 
done under nembutal anesthesia. Since we have shown a 
statistically significant difference between control and 
postanesthesia ratios of phospholipids to cholesterol, the 
question is whether repeated phenobarbital or pentobar- 


bital anesthesias alone might be responsible for the 
changes seen in Tompkins’ experiments. Still our results 
show that deoxycholic acid and chenodeoxycholic acid 
concentrations also drop significantly following anesthe- 
sia (Table 2). 

The increase in total bile acid pools and the cholic 
acid half-life are probably due to the fact that the gall- 
bladder becomes larger following vagotomy. A decreased 
percentage of the cholic acid pool is renewed because 
the gallbladder volume is increased while the daily pro- 
duction of cholic acid remains the same ( Table 2 and 3). 
Thus, the increase in measured bile acid pools cannot 
only be due to the dilatation of the gallbladder. Since 
the daily production of cholic acid remained stable © 
throughout the experiment, the increases are probably 
due to a larger enterohepatic circulation. 

It seems to us that an increase in reabsorption of bile 
acids causes the increase of the different pools. The 
greater increase of chenodeoxycholic acid pool (+442%) 
may be related to an increased specific reabsorption, to a 


TABLE 4. Increase or Decrease after Vagotomy 


After 


After After 
One Week Five Weeks Five Months 

Cholic acid rate 

constant — 64% — 7195 — 58% 
Cholic acid half- 

life ^o 447% + 214% + 125% 
Cholic acid pool +- 202% + 95% + 172% 
Deoxycholic 

acid pool + 25% + 102% + 100% 
Chenodeoxycholic : 

acid pool + 80.76% + 373% + 402% 
Total bile acid 

pool + 136% + 105% J- 140% 
Total bile volume + 156% + 259% -- 23895 
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Fic. 1. Summary of the (14C4,) cholic acid study. 


larger bacterial degradation of cholic acid, or to selective 
secretion of chenodeoxycholic acid at the expense of the 
others. Since secretin and other hormones are known to 
be choleretics the latter might be due to decreased 
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2: anesthesia 

3: 1week postvagotomy 
4: 6 weeks T 
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Fic. 2. Changes plotted on triangular coordinates. 
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secretin, pancreozymin, or other hormone released from 
the small intestinal mucosa after vagotomy. 

On the other hand, the chenodeoxycholic acid (dihy- 
droxy bile acid) is probably more soluble in a lipid 
phase than the cholic acid (trihydroxy) is in the water 
phase and may pass more easily through the intestinal 
mucosa. These changes can also be due to increased 
bacterial growth in the upper small intestine secondary 
to stasis following vagotomy. A better absorption of 
chenodoxycholic acid and an increased degradation of 
cholic acid may account for the differences between the 
two pools. 

We would expect a decreased rather than an increased 
bile acid pool size if a change in pool size were to be 
responsible for gallstone formation.?5 Since this did not 


occur, the decreased concentration of bile acid found \ 


in the dog biles could theoretically be responsible for 
stone formation if such changes were to have occurred 
in humans. Still, the fact that none of the dog biles 
studied before or after vagotomy fell into the lithogenic 
range (Figure 2) suggest to us that studies of this sort 
will have to be carried out on human beings rather than 
on dogs before and after vagotomy and pyloroplasty or 
vagotomy and antrectomy before we have a definitive 
answer to this question. 


Summary 


l. The bile acid pool sizes are marked by increase 
after vagotomy in the dog, probably due to an increase 
in size of the gallbladder. 

2. The concentration of cholic acid in bile dropped 
after vagotomy. 


3. The concentrations of cholesterol were so low in all ~- 


the dog biles that none of the biles fell into the lithogenic 
range. Thus, conclusions regarding the decreased bile 
salt concentration may not be related to lithogenic bile 
formation in humans. 
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Islet Concentration in the Head, Body, Tail 
and Uncinate Process of the Pancreas. 


JERRY WITTINGEN AND CHARLES F. FREY, M.D.~% 


NE CONSIDERATION in planning operations for the 
O traumatized or inflamed pancreas would be to pre- 
serve as many islets as possible. It has been stated that 
the concentration of islets is greater in the tail than in 
the head of the pancreas. We could find no documenta- 
tion for this opinion in the medical literature. 


Methods and Procedures 


To determine the relative concentrations in various 
parts of the pancreas we, divided it into four parts: 
1) head, 2) body, 3) tail and 4) uncinate process. 
Pancreases were obtained from eleven autopsy cases, 
nine of whom had normal pancreases and one each with 
a history of diabetes mellitus and chronic pancreatitis. 

Each pancreas was treated in the same manner. They 
were removed from the body during the post mortem 
examination, usually within 24 hours after death, and 
allowed to fix in formaldehyde for a day or two. The 
hospital registration number, age, sex, cause of death, 
associated diseases, and approximate body weight of 
each patient examined were recorded at the time of 
autopsy. 

After fixing, each pancreas was first sectioned into 
the four main parts: head, body, tail and uncinate. Each 
part was weighed to the nearest gram and the total 
weight of the pancreas calculated. Each part was also 
measured in three dimensions to the nearest millimeter. 
The boundries which provided our guidelines for sec- 
tioning the gland into its respective parts were: 
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l. The right border of the superior mesenteric vein 
between the head and body. 

2. 'The point at which the gland sharply narrowed be- 
tween the body and tail. 


3. The area underneath the superior mesenteric artery 
and vein was designated the uncinate. 

Slices were taken at 1 cm intervals moving from right 
to left from each of the sections. Only one section was 
obtained from each uncinate because of its small size. 

These slices were labeled and sent to the tissue lab 
where they were sliced, affixed to slides, stained with 
(H & E) and labeled. One slide was prepared from each 
of the slices sent to the lab. This procedure was identical 
to the method used to prepare other autopsy material. 

Once the slides of pancreas tissue were ready, the 
islets were counted. The counting chamber was a small 
piece of formica with a hole drilled in it. The diameter 
of the hole was 6.0 mm and the same chamber was used 
for the entire project. The islets were counted at a mag- 
nification of 100x. If only a part of the islet appeared in 
the counting chamber it was counted as a whole islet if 
more than half of the islet was judged to be in the 
chamber. At least two different areas on each slide were 
counted. 


Results 


The number of islets from each slide was recorded as 
the average number counted per counting chamber area. 
This was done for each slide of each part of the pan- 
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TABLE 1. Nine Normal Pancreases: Number of Islets Counted on a Circular Cross Section 6mm in Diameter 








Body Weight Pancreas Weight Average Islet Concentration 
Case No. Sex Age (lbs) (gms) Head Body Tail Uncinate 
1 F 74 160 100 10.0 15.4 15.9 8.0 
2 F 49 150 80 37.6 29.9 49.4 30.0 
: 3 M 72 150 112 17.9 17.4 28.9 10.0 
4 M 70 160 110 22.4 21.6 37.6 59.0 
5 F 82 95 49 38.7 42.4 69.0 38.0 
6 F 55 160 70 33.8 32.9 66.6 43.5 
7 F 67 185 78 20.8 33.0 51.5 21.5 
7 ou M 20 170 64 21.0 34.2 51.6 59.0 
9 M 63 140 82 18.7 25.8 40.8 20.0 
creas. Then for each part of the pancreas the average Tail 45.700 
number of islets per counting chamber area for each part Overall 32.578 . 1.408 
of the pancreases was calculated. These values are listed 
in Tables 1 and 2 for the normal and abnormal pan- Uncinate 31.000 
creases. The mean values of the number of islets per Overall 32.578 0.952 


counting chamber area in the nine normal pancreases 
are listed in Table 3. 

We found no consistent relationship between the islet 
concentrations of the pancreas or its parts to the patients 
age, sex, body weight or the weight of the pancreas. 
However, the concentration of islets was more dense in 
the tail of the pancreas when compared with the head or 
body of the gland. 

Multivariate simultaneous confidence intervals for dif- 
ferences in means [p! — pq with i = 1, 2, 3, 4 and j = 1, 2, 
3, 4] yielded significant (« = 5%) for tail versus body 
and tail versus head. No other significant differences 
were noted. 

A statement on the relative differences in the number 
of islets between the various parts of the pancreas may 
be made by comparing the mean value of each part with 
the overall mean. The overall mean being 32.578 islets 
per counting chamber. 


According to the above calculations the tail appears to 
have considerably higher islet concentration than the 
rest of the gland. 


Discussion 


In none of the nine normals was the cause of death 
related to pancreatic pathology. The histological state of 
each of these pancreases was normal. 

The pattern of islet concentration between head, body 
and tail of pancreases from patients with diabetes and 
pancreatitis appears to be the same as for the normals, 
but to reach a meaningful conclusion will require a larger 
patient sample. 

A difficulty we encountered was determining the 
boundary between the body and tail of the gland. Since 
there was no satisfactory landmark available for this 
division, we tried to be consistent regarding the relative 


Head 25.544 length of body and tail as well as the point where the 
Overall 32.578 . 0.784 pancreas narrowed down quite sbarply. 

The numbers of slices from each pancreas varied de- 

Body _ 28.067 _ 9 go pending on the length, so the means calculated were 


Overall 32.578 based on differing numbers of samples. At least three 


TABLE 2. Abnormal Pancreases: Number of Islets Counted on a Circular Cross Section 6mm in Diameter 








Body Weight Pancreas Weight Average Islet Concentration 
Sex Age (Ibs) (gms) Head Body Tail Uncinate 
Diabetes mellitus F 55 90 57 17.1 26.9 39.3 23,5 


Chromic pancreatitis M 50 180 170 5.7 10.9 17.8 — 





414 


TABLE 3. Nine Normal Pancreases with Concentration of Islets 4n 
Head, Body, Tail and Uncinate: Number of Islets Counted on a Circular 
Cross Section 6mm in Diameter 


Mean Standard deviation 
1. Head 25.544 9.888 
2. Body 28.067 8.795 
3. Tail 45.700 17.037 
4. Uncinate 31.000 19.090 


slices each and never more than ten slices were removed 
from the head, body and tail of the pancreas. Only one 
section was obtained from each uncinate but this was 
not judged to alter our results significantly. 

According to Hellman,’ medium sized islets contrib- 
uted the greatest islet volume in all three regions of the 
pancreas, ie, in the head, body and tail. Therefore, 
volume of islet tissue is quite directly related to the num- 
ber of islets in each part of the gland. 
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Our study has shown that the islet concentration of ` 
the tail is significantly greater than the concentration in 
the head and body. The uncinate did not differ signifi- E 
catly from the tail, head or body. 

Preservation of endocrine function, if at all possible, 
should be one consideration in the choice of operation in 
the nondiabetic patient with chronic pancreatitis. Iatro- 
genically induced diabetes can be a severe disability, 
particularly in patients who are unreliable as a result of 
addiction to narcotics or alcohol. If the tail rather than 
the head of the pancreas were left in situ at operation 
the chance of diabetes developing postoperatively would 
be less. 
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The Effects of Short-term Steroid Therapy on Lung 
Bacterial Clearance and Survival in Rats 


DMINISTRATION OF CORTICOSTEROIDS to the acutely ill 
A victim of smoke inhalation, gram-negative sepsis or 
endotoxic shock has become a not uncommon clinical 
practice.5.27,38.37 The rationale behind such therapy is 
that the anti-inflammatory action of many of the corti- 
costeroid compounds coupled with their possible anti- 
pyretic and antiendotoxic activity might result in benefits 
far outweighing the danger of increased bacterial suscep- 
tibility. But is this reasoning sound? It is generally ac- 
cepted that long continued steroid therapy has an adverse 


effect on resistance to infection.^?iL!? It is assumed, | 


however, that short-term treatment, even in massive 
doses, hes no effect on bacterial susceptibility. Yet, the 
mode of action of steroids has not been defined, nor have 
the short-term effects been adequately investigated. 
Could these seemingly harmless doses be contributing to 
pulmonary infection and death? Since pulmonary com- 
plications have emerged in recent years as a major cause of 
death, we must look at every aspect of the problem 25.2628 

A prime factor in the lung's resistance to bacteria is 
its abilitv to clear itself of bacterial insults. Normally the 
lower airway, pulmonary parenchyma and alveoli are 
bacteria free. Since the inhaled air is far from sterile, a 
potent mechanism for clearing bacteria from healthy 
lungs is obviously at work. A reliable method of measur- 
ing such bacterial clearance in the living animal has re- 
cently been developed.?? This method provides means of 
studying the influence of various forms of therapy (and 
even of remote extrapulmonary injuries) on the lungs 
ability to rid themselves of micro-organisms. 

This paper deals with the effects of steroid therapy on 
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lung bacterial clearance and on mortality. Their influence 
in injured animals, in those with cutaneous burns and in 
those with deliberately infected burn wounds is pre- 
sented. 


Background 


Previous studies in this laboratory showed that unin- 
jured, untreated animals when exposed to a standard 
Pseudomonas aeruginosa aerosol, cleared their lungs of 
98.1 + 0.8% of the offending organisms in four hours.?? 
For burned animals (20% BSA,* 3° Scald), the percent- 
age of clearance appeared to be slightly decreased in the 
early days after injury (89.5% on day 1 and 92.5% on day 
3). Unless the burns were topically infected, however, 
clearance was close to normal again by day 6 after burn- 
ing. No evidence was found to suggest that the initially 
higher counts in the burned animals were due to blood- 
borne bacteria. Blood, liver and lung cultures on com- 
panion burned animals, not subjected to the pulmonary 
aerosol, revealed no organisms. 

If the cutaneous burn wounds were infected, on the 
other hand, the ability of the lungs to clear themselves of 
bacteria was devastated. As early as the first day after 
burn-plus-topical seeding with P. aeruginosa, bacterial 
clearances plummeted to one sixth of normal. By day 
three, clearance seemed non-existent; four hours after 
bacterial inhalation, the number of bacteria in the lungs 
had increased 150%. By day six, all vestiges of lung de- 
fense appeared to have been swept away; four hours 
after the aerosol inhalation, the infected burned animals 
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-showed an average increase in lung bacteria of 12,0007. 
No animal in this group survived beyond the eighth day. 
Multiplication of the inhaled bacteria in the lungs may 
also have been supplemented by the arrival of blood- 
borne bacteria, since positive blood, liver and lung cul- 
tures were obtained. 


Method | 
Steroid Therapy and Lung Bacterial Clearance 


To determine the effects of steroids on lung bacterial 
clearance in burned and unburned animals and to assess 
their influence on animals with burn wound sepsis, 396 
male, Sprague-Dawley rats ( bred and raised in our own 
vivarium), weighing between 180 and 200 grams were 
divided at random into the six groups ( Table 1). 

Rats to be burned were intraperitoneally anesthetized 
with pentobarbital (40 mg./kg.) and placed in a frame 
designed to expose 50 sq. centimeters of the animals 
back, and immersed in water at 98?C. for 10 seconds. 
This exposure produces a uniform, full thickness burn of 
approximately twenty percent of the rat's body surface. 

The wounds of the rats in groups IV and VI (Burn 
Sepsis Controls and Treated Burn Sepsis Groups) were 
seeded 10 minutes after scalding by application to the 
wound of one milliliter of an 18 hour trypticase soy broth 
` culture of P. aeruginosa containing approximately 1 x 
10? organisms. No antibacterial therapy was given. Since 
the wounds of all seeded animals become septic, for 
greater clarity throughout this paper groups with seeded 
burns are referred to as burn sepsis groups. 

All animals were kept in individual cages in the 
same room at constant temperature and humidity. They 
were given water ad libitum and standard (Purina) rat 
chow containing no antibiotics. 

Steroids in Groups IIL V and VI were administered 
intramuscularly once daily, the volume being kept con- 
stant at 0.5 ml. The initial dose was given two hours 
post-burn for all burned animals and at the same time 
for the steroid controls. The first two of these three 
groups were subdivided to permit study of four differ- 
ent corticosteroids. Since equivalent doses of various 
steroids have not been worked out for rats, as far as 


TABLE 1. Three Hundred Ninety-Six Male Rats Randomly Divided 
into Six Groups 
Group Description Burned Infected Steroid Treated 
. I Basic Controls No No No 
II Burn Controls Yes No No 
III Steroid Controls No No Yes 
IV Burn Sepsis 

Controls Yes Yes No 

V Treated Burn 
Group Yes No Yes 

VI "Treated Burn 
Sepsis Group Yes Yes Yes 
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we can determine, the dosages selected were scaled 
down from doses having equivalent anti-inflammatory 
effects in man. 
0.5 mg dexamethasone ( Decadron* ) 
2.7 mg methylprednisolone (Solu-Medrol) 
13.3 mg hydrocortisone (Solu-Corteff ) 
16.7 mg cortisone ( Cortone$) 


These dosages were given daily for seven days (day 


of burn through day six postburn). 

The treated burn group and the treated burn sepsis 
group were further sub-divided to determine whether 
there was a definite relationship between dosage and 
effects. Five mg. of cortisone was administered to each 
of 25 burned, uninfected rats and 25 burned, infected 


rats. Similarly 10 mg. and 16.7 mg. of cortisone were ^« 


administered to groups of 25 burned and burned, in- 
fected rats in the same manner. 

To determine whether the doses given were physio- 
logically active, all animals were weighed daily. In 
addition, separate groups of burned and burned and 
topically infected rats were treated with Sulfamylon 
Cream alone and Sulfamylon Cream and dexamethasone. 
Three grams of cream, containing 11.22 mafenide acetate, 
was applied daily with individual sterile tongue depres- 
sors. Dexamethasone was administered as previously 


described. 
Evaluation 


Lung Bacterial Clearance 


On the sixth day after burning, all animals in this por- 
tion of the study were exposed, four at a time, in a 


" controlled atmosphere chamber to a standard bacterial 


aerosol of P. aeruginosa. Furthermore, animals in the 
mafenide acetate-dexamethasone groups were exposed 
to the P. aeruginosa aerosol on days 1, 3, 6 and 10 post- 
burn. This method used for determining bacterial clear- 
ance has been described in detail in a previous paper.?? 


Mortality 


The effects of steroids on mortality were observed in 
405 male rats of the same strain and weight range as in 
the preceding portion of the study. The death rate was 
observed in treated and untreated animals having 20% 
third degree burns and also in similarly burned animals 
seeded with. P. aeruginosa. These animals were fol- 


? Decadron—Dexamethasone sodium phosphate; Merck, Sharp 


and Dohme, West Point, Pennsylvania. 

t Solu-Medrol—Methylprednisolone sodium succinate; The Up- 
John Co., Kalamazoo, Michigan. 

t Solu- Cortef — Hydrocortisone sodium succinate; The Uus 
Company, Kalamazoo, Michigan. 

3 Cortone—Cortisone acetate; Merck, Sharp and Dohme, West 
Point, Pennsylvania. 
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lowed up to 21 days post-burn, at which time unless 
moribund, they were considered "survivors" and sacri- 
ficed. As in the lung bacterial studies, sufficient rats 
were used to permit selection of animals at random 
each day for bacteriologic studies. Steroid dosages and 
administration were the same as in the lung bacterial 
clearance studies, daily doses being given until the sixth 


day. 
Qualitative and Quantitative Bacteriology 


To eliminate post-mortem changes in bacterial flora, 
* blood and tissue samples were obtained before death 
under intraperitoneal sodium pentobarbital anesthesia 
(40 mg./kz.). One milliliter of heart blood was drawn 
aseptically and plated immediately on trypticase soy 
agar. Three one-gram tissue samples were also taken of 
liver, lung and tissues underlying the burn eschar. Each 
tissue was immediately ground in one milliliter of 
trypticase soy broth for four minutes (at 2,000 r.p.m.) 
in a Duall tissue grinder, immersed in ice. The specimen 


was then serially diluted. One milliliter of each dilution 


was poured onto agar plates. Colony counts were per- 
formed after incubation for 48 hours. Standard qualita- 
tive procedures were followed. 


Results 


All forms of steroid therapy impaired lung bacterial 
clearance in the unburned animal (Table 2). Clearance 
in hydrocortisone treated animals was 79.5 + 10.9%, 
showing a lower than average clearance, but a much 
greater range than in the normal untreated animal (98.1 
+ 0.82). A clearcut inhibition of lung bacterial clearance 


-e~ followed both cortisone and methylprednisolone therapy. 


The average lung bacterial clearance in the methyl- 
prednisolone treated animals was 69.1 + 16.8%. In the 
cortisone treated group, the animals cleared 67.5 + 13.6%. 
In those animals receiving dexamethasone, after six days, 
the treated rats were able to clear only 21.5 + 8.7% of 
the bacteria inhaled. In the unburned rats, there were 
no deaths associated with any of the corticosteroid treat- 
ments. 

The results of steroid treated burned rats are shown in 
Table 3. Previous studies had shown that 20% body sur- 


TABLE 2. Resulis among Unburned, Uninjected Animals 

Lung Bacterial 
, Average day Clearance on Day 6 
Treatment Mortality of death (% + S.D.) 
. None (Basic 

Controls) 0% (25)* — 98.1 4- 0.8 

Dexamethasone 095 (25)* — 21.5 + 8.7 
Cortisone 0% (25)* — 67.5 + 13.6 
Metbylprednisolone 0% (25)* — 69.1 + 16.8 
Hydrocortisone 0% (25)* 79.5 + 10.9 


e * Number of animals in the mortality study 
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TABLE 3. Results among Burned, Unseeded Animals 
Lung Bacterial 
Average day Clearance on Day 6 
Treatment Mortality of death (% + S.D.) 
None (Burn 
Controls) 092 (25)* — 97.3 + 0.9 
Dexamethasone 60% (25)* 7.8 70.8 + 13.7 
(Survivors only, 
60% died) 
Cortisone 4% (25)* 13.0 33.5 + 10.4 
Methylprednisolone 4% (25)* 11.0 64.1 + 8.1 
Hydrocortisone 0% (25)* 89.8 + 6.3 


* Number of. animals in the mortality study 


face area burns alone produced only a transient decrease 
in lung bacterial clearance, with a return to approxi- 
mately normal by the sixth day postburn. In the dose 
given, the effects of hydrocortisone on lung bacterial 
clearance were mild. Clearance on the sixth day postburn 
was 89.8 + 6.3%. 

Methylprednisolone treated animals were able to clear 
only 64.1 + 8.1% of bacteria inhaled on the sixth day 
after burn injury, while cortisone treated animals cleared 
only 33.5 + 10.4%. Those animals receiving dexametha- 
sone had a 71$ clearance on day six postburn; however, 
death overwhelmed 60% of this group and lung bacterial 
clearance represents the capacity of only the hardy six 
day survivors. 

Table 4 shows the results of burned, seeded or non- 
seeded animals treated with cortisone of varying dosages. 
As expected, there was a definite dose relationship ob- 
served and the lung bacterial clearances plummetted as 
the cortisone dosage increased. Animals with 202 burns 
treated by daily administration of 5 mg. of cortisone 
fared not significantly differently from their burned, un- 
treated counterparts (89.1 + 1.9%). Increasing the dos- 
age to 10 mg. dropped the clearance to 64.6 + 11.42 and 
at 16.7 mg., as seen, clearance was only 33.5 + 10.4%. 
The capacity of the lung to clear itself of bacteria, seri- 
ously impaired by an associated burn, is staggered by 
the addition of burn wound sepsis. 

Burned, infected rats on 5 mg. of cortisone daily 


TABLE 4. Effect of Various Dosages of Cortisone among Burned 
Animals 


Lung Bacterial 
Mortality Average Day Clearance on Day 6 


(90) of Death (95 + S.D.) 
Non-seeded 
5 mg. 0.0 (25)* — 80.1 + 1.9 
10 mg. 0.0 (25) — 64.6 + 11.4 
16.7 mg. 4.0 (25) 13.0 33.5 + 10.4 
Seeded 
5 mg. 80.0 (25) 9.4 64.9 + 13.3 
10 mg. 88.0 (25) 1.7 28.3 4 9.5 
16.7 mg. 96.0 (25) 5.1 0.4+0.4 


* Number of animals in the mortality study. 
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TABLE 5. Results Among Burned, Non-seeded Animals 
Lung Bacterial Clearance (95 + S.D.) 
Average Day Average Eschar 
Treatment Mortality of Death Bacterial Count{ Day 1 Day 3 Day 6 Day 10 
None (Burn Controls) 5.0 (25)* 6.0 0.0 89.5 + 3.2 92.5 22.1 97.3 + 0.9 98.4 + 0.4 
Mafenide Acetate 0.0 (20)* — 1.3 90.3 + 2.1 95.0 + 1.1 98.5 + 0.5 94.1 4 1.4 
Dexamethasone' 60.0 (30)* 7.8 1.8 69.7 + 6.1 50.1 + 6.9 70.8 + 13.7 94.7 +1.3 


* Number of animals in the mortality study. 


t This figure represents the average logarithm (1 X 10*) of the bacterial count per gram of specimen. 


cleared 64.9 + 13.3% of the offending organisms, com- 
pared with 89.1 + 1.9% in burned, non-infected animals 
receiving the same treatment. Those on 10 mg. cleared 
only 28.3 + 9.52, as compared with 64.6 + 11.4% in 
similarly treated animals whose burns had not been 
seeded with P. aeruginosa. Burned infected animals, 
treated with 16.7 mg. of cortisone, showed little or no 
capacity to clear their lungs of inhaled bacteria, 0.4 + 
0.4%. Furthermore, the increasing mortality rate paral- 
leled the increasing dose, with 802 of the animals receiv- 
ing 5 mg. of cortisone succumbing to 96% of the 16.7 
mg. group. À decrease was noted in the average day ot 
death. 

When the results of these studies are correlated with 
mortality rate, average day of death and the average 
eschar bacterial count, as shown in Tables 5 and 6, there 
is a marked increase in mortality and decrease in lung 
bacterial clearance at levels of eschar bacterial count that 
in the burned rat are usually compatible with survival.* 
In the burned, non-seeded animals, Table 5, the per cent 
of lung bacterial clearance was slightly decreased on the 
first and third days following injury. Normal values were 
observed by day six postburn. Very similar results oc- 
curred when burned, non-seeded animals were treated 
with Sulfamylon Cream. Animals treated with dexameth- 
asone, however, had a reduced bacterial clearance during 
the immediate six day postburn period. These values re- 
turned to normal, following cessation of the drug, as ob- 
served on day 10 postburn. This group had a 60% mortality 
rate with an average day of death, 7.8. An unusually 


low eschar bacterial count occurred in this group at a 
level previously considered compatible with survival. 
The results of burned, seeded animals are shown tn 
Table 6. In the seeded, no treatment group, the lungs 
cleared only 17% on the first day postburn. On days three 


and six postburn, there was no bacterial clearance and “ 


the number of bacteria in the lungs actually increased 
as much as 12,0008. There was a 95% mortality rate in this 
group and no animals survived beyond day nine post- 
burn (therefore further evaluation could not be done). 
When burned, seeded animals received daily topical 
treatment with mafenide acetate, the lung bacterial 
clearance rates were similar to those of the non-seeded, 
no treatment burned animals. The mortality rate in this 
group was only 16.72. Rats receiving dexamethasone 
treatment had decreased clearances of 51% and 39% on 
days one and three. However, 96% of the animals died, 
with the average day of death 3.6. Therefore, these 
results were by necessity carried out on a very selective 
group of survivors. When dexamethasone-treated animals 
additionally received topical Sulfamylon Cream treat- 
ment, the bacterial clearance rates were only slightly re- 
duced on days one and three. Again, this group had a 
very high mortality rate, 90%, with very early deaths. 

The catabolic effects of the various corticosteroids are 
seen in Fig. 1. 

Daily weighing of control and treated, unburned ani- 
mals revealed that in the dosages given the catabolic 
effects were not the same for all steroids administered. 
One of the steroids slowed growth appreciably, while 


TABLE 6. Results Among Burned, Seeded Animals 


Average Day Average Eschar 


Lung Bacterial Clearance (% + S.D.) 


Treatment Mortality of Death Bacterial Countt Day 1 Day 3 Day 6 Day 10 
None (Burn Sepsis 
Controls) 95.0 (40)* 9.2 7.5 16.9 + 8.1 0.0f 0.08 — 
Mafenide Acetate 16.7 (30)* 9.7 3.9 92.7 +1.3 93.0 &2.2 93.5 + 1.7 88.0 Æ 4.1 
Dexamethasone 96.0 (25)* 3.6 6.5 51.0 + 13.9 38.8 + 11.6 || 
Dexamethasone/Mafenide 
Acetate 90.0 (20)* 3.3 4.8 89.1 + 3.0 81.5 43.7 [| i 


* Number of animals in the mortality study. 


t This figure represents the average logarithm (1 X 10") of the bacterial count per gram of specimen. 


t Increased 150% 
§ Increased 12,000% 
[| No survivors 


^ 
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two had a profound catabolic effect. A weight increase 
of 20% in six days was normal for unburned, uninfected, 
untreated animals. Animals receiving 13.3 mg. of hydro- 
cortisone daily slowed growth insignificantly, 19.52, in 
six days. Rats receiving 2.7 mg. of methylprednisolone for 
six days retarded but did not prevent growth, 11.5%. 
However, in six days dexamethasone and cortisone 
treated animals showed marked weight loss, 75 and 13% 
respectively. Weight gain was prompt following cessa- 
tion of therapy. 


Discussion 


It has been demonstrated that the ín vivo method, 
using the controlled atmosphere chamber has provided 
a reproducible quantitative technique for the study of 
lung susceptibility, while removing the many uncontroll- 
able variables which hinder clinical investigations. Since 
the method introduces bacteria into the lungs by means 
of inhaling a bacterial aerosol, it closely resembles the 


. natural mode of infection by droplet nuclei. Similarly in 


“~o 


clinical practice, those patients with lowered host resist- 
ance frequently contaminate their respiratory tree 
through resuscitation techniques, such as the endo- 
tracheal tube and the use of. ventilator equipment. Fur- 
thermore, in those patients who have symbiotic bacteria 
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living in the alveoli, a change in host susceptibility can 
result in those bacteria assuming a pathogenic role. 

In both normal and burned animals, steroid treatment 
resulted in a depressed ability of the lung to clear bac- 
teria, although administration of any of the steroids, at 
the levels used in these studies, decreased lung bacterial 
clearance. This effect was most marked in those rats re- 
ceiving dexamethasone. 

The results of these studies clearly show that the ef- 
fects of various corticosteroids on the bacterial suscepti- 
bility of the lung are not similar in dosages equivalent to 
their anti-inflammatory effect, this effect being the basis 
for their clinically accepted equivalents. 

As might be expected, steroid effects were found to be 
dose related in. both the burned and burned-seeded 
groups. — 

The decreased ability of the lung to clear P. aeruginosa 
organisms in rats receiving steroids suggests that the use 
of these drugs clinically during the shock phase or in 
attempted efforts to reduce the incidence of the "shock 
lung” syndrome may in effect contribute to the patient's 
demise due to secondary bacterial sepsis, often due to 
organisms of low virulence.5?! Whether this effect of 
corticosteroid treatment persists following cessation of 
therapy and adds to the ultimate occurrence of pneu- 
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monitis in the later stages of hospitalization needs fur- 
ther elucidation. The effect either primarily, or sec- 
ondarily of other drugs, acting alone or synergistically, 
must also be reevaluated. | 

The results of these in vivo studies not only demon- 
strate the effect of corticosteroids, but help elucidate the 
pathophysiology involved. It is accepted that several 
mechanisms ol lung bacterial clearance are available to 
the host: physical, humoral and cellular.15151? Of these 
the cellular mechanism, primarily the alveolar macro- 
phage, is the most likely means by which the lung 
handles inhaled bacteria.?:*:32,25,29 

Despite an enormous amount of work concerned with 
defining the reationship of corticosteroids to host defense 
mechanisms and resultant increased susceptibility to in- 
fection,*-16.1.38 the effects of corticosteroids on cell medi- 
ated immunity still remains unclear. The decreased lung 
bacterial clearance and increased mortality associated 
with these corticosteroid studies in the rat, suggest sev- 
eral possible mechanisms. The most obvious direct effect 
of corticosteroids involves the altering of either the 
phagocytic or bactericidal capacity of the alveolar macro- 
phage. Of a secondary nature, but of equal importance, 
is the possible adverse effect of corticosteroids on the 
number of alveolar macrophages, located in the alveoli, 
that are readily available to the defense mechanisms of 
the host. Finally, a defect in the humoral mechanism of 
immunity may be operating. 

The administration of corticosteroids has been shown 
to result in a decreased number of macrophages in the 
inflammatory site.** This effect is not manifest in the 
bone marrow where the normal production of promono- 
cytes, believed to be the precursor of tissue histiocytes 
or macrophages, remains unaltered.?* Therefore, corti- 
costeroids most likely adversely affect the release of 
newly formed monocytes from the bone marrow. It is this 
reduction in peripheral blood monocytes by the action of 
corticosteroids that results in a diminished number of 
these cells in the inflammatory exudate. 

The well accepted anti-inflammatory effect of cortico- 
steroids with its concomitant reduction in chemotactic 
factor also significantly results in a decreased migration 
of macrophages.7.20 The manner in which corticosteroids 
influence the migration of cell types is undoubtedly 
related to the chemical nature of the individual com- 
pound as well as the dose administered. The anti-inflam- 
matory response of hydrocortisone and methylpredniso- 
lone has been shown to inhibit the chemotactic action 
of a serum protein complex of the complement system.?5 
Further studies suggest that macrophages have a separate 
chemotactic substance from neutrophils.?? 


Although the production of vasoactive kinins (hista- . 


mine in rats, bradykinin in man) has not been shown to 
directly affect macrophages, increased capillary perme- 
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ability associated with these substances is blocked by 
the anti-inflammatory nature of corticosteroids.?:1? There- 
fore, the ability of corticosteroids to increase the integ- 
rity of the vascular endothelium, resulting in a decreased 
diapedesis of leukocytes, also interferes with the migra- 
tion of macrophages.!° 

In another study using systemic anti-microbial agents,’ 
lung bacterial clearance was not significantly decreased 
when used in conjunction with corticosteroid therapy. 
These observations support the theory that a defect 
exists in the antibacterial activity of the bronchopulmo- 
nary system, resulting in the lung's increased suscepti- 
bility to bacterial invasion. However, the restoration of 


. lung bacterial clearance to approximately normal values 


at 4 hours in rats receiving both steroids and antimicro- 
bial agents may be only a temporary phenomenon. Fur- 
ther studies must be performed in order to determine 
whether this ability to clear bacteria remains active after 
four hours or whether the animals' ability to clear bac- 
teria decreases and ultimately results in death. In fact, 
this transitory benefit may well be the case in many 
animals in whom the accumulation of endotoxins or con- 
tinued intracellular proliferation or a combination of 
both may result in the inability of the alveolar macro- 
phages to function. The question which needs further 
elucidation is whether endotoxins or dead cells or both 
at six hours or more accumulate to such an extent as to 
overwhelm the host and cause death. 

It is evident from these studies that the variation in 
effect of different corticosteroids on lung bacterial clear- 
ance and susceptibility to infection is not similar when 
given in the generally accepted dosages equivalent to 
their anti-inflammatory activity. This suggests that the 
previously unrecognized differences in anti-inflammatory 
activity, lymphoid depression and possibly immunosup- 
pression between the parent corticosteroid (hydrocorti- 
sone) and its synthetic analogs may vary considerably 
with structure. Therefore, the administration of a single, 
massive dose of corticosteroid, previously thought to be 
inconsequential now must be re-evaluated with regard 
to its possible effects on lung bacterial susceptibility. 


Summary 


The effects of short-term corticosteroid therapy were 
evaluated in burned, and burned and infected rats. The 
ability of the lung to clear Pseudomonas aeruginosa 
organisms following exposure to a bacterial aerosol in 
a controlled atmosphere chamber was correlated with 
mortality wound bacterial counts and the average day 
of death. 

In both normal and burned animals, steroid treatment 
resulted in a depressed ability of the lung to clear a 
bacterial insult. In addition, the effects of. the various 
corticosteroids on the bacterial susceptibility of the lung, 
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were not similar to dosages equivalent to their anti- 
inflammatory effect. . 


In the steroid treated rats there was a marked increase 


in mortality and decrease in lung bacterial clearance at 
levels of eschar bacterial counts that in the burned rat 
were usually compatible with survival. These results were 
further accentuated following topical seeding of the burn 
wound. The addition of topical antimicrobial therapy 
did not fully compensate for the increase in lung bac- 
terial susceptibility and resultant mortality. 
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Forty-Eight-Hour Preservation of the Canine Liver 


~ UCCESS IN RENAL PRESERVATION has been: extended to 
S periods of as long as one week, with immediate life- 
sustaining function. Success in liver preservation has 
been far less consistent.-?9 A previous report from 
this laboratory has detailed experience in canine ortho- 
topic liver transplantation after 24 hours of preservation.? 
Twelve dogs survived 5 to 70 days after transplantation. 
Encouraged by this success, an attempt was made to 
extend the period of preservation to 48 hours. This report 
presents the results of that experience. 


Material and Methods 


Thirty-eight female mongrel dogs weighing between 
14 and 25 kg were used as liver donors and recipients in 
19 preservation-orthotopic transplant experiments. 

Sodium pentobarbital, 5 mg/kg of weight, was given 
intravenously for anesthesia in the earlier experiments. 
Later, for better control of anesthesia, a combination of 
sodium thiopental, halothane, nitrous oxide, and oxygen 
was employed in the recipient dogs. Endotracheal in- 
tubation and controlled respirations were used at all 
stages. The preservation system and method employed 
have been described previously? but basically it is a 
modification of the renal preservation system employed 
in this laboratory.!* This system provides pulsatile, hy- 
pothermic perfusion with membrane oxygenation and 
continuous monitoring and titration of pH to physiologic 
levels. For hepatic preservation, perfusion circuitry was 
designed so that the hepatic artery received pulsatile 
flow (at 80 mm Hg) and the portal vein received con- 
tinuous flow (at 10 + 2 cm H2O). The temperature of 
the perfusate was maintained between 5° and 7°C over 
the 48-hour period of perfusion. Orthotopic liver trans- 
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plantation was carried out in all 19 experiments by a 
technique that was previously described for the first 8 
dogs.* In the remaining experiments, the following modi- 
fications were made: 

1. Two external shunts diverting the portal and in- 
ferior vena cava blood into the right and left jugular 
veins separately were employed during the anhepatic 
period, allowing better flow than the previously used 
single jugular shunts. 

2. The superior mesenteric artery was occluded tem- 
porarily during the period of portal vein clamping to 
prevent intestinal congestion. 

3. Anastomosis of the donors intrathoracic inferior 


vena cava and the recipient’s intrahepatic inferior vena’ 


cava was adopted. The donor’s suprahepatic inferior 
vena cava was freed from the diaphragm and was 
severed at a point about 2.5 cm above the diaphragm. 
In the recipient hepatectoniy, by the use of finger dis- 
section, the anterior branch and the main left branch of 
the hepatic vein were isolated and ligated. The right 
hepatic vein, which is actually the intrahepatic inferior 
vena cava, was isolated from the attached liver paren- 
chyma and transected about 2.5 cm below the diaphragm 
and fashioned for anastomosis, thus giving a longer on 
(Figs. 1, 2, and 3). 

Two-day-old acid-citrate-dextrose blood from the liver 
donor was used for transfusion in the first four dogs. 
Either fresh blood or fresh frozen plasma was transfused 


in all other dogs to provide coagulation factors and to 
restore blood volume. Other preoperative and postopera- 


tive management has been detailed previously.? 
Results 
Of the 19 dogs that underwent orthotopic liver tfans- 
plantation after 48 hours of liver preservation, 6 were 
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alive more than one day (Table 1). Five of the six (dogs 
5, 9, 10, 11, and 15) lived from 3 to 8 days. The other 13 
dogs died within 24 hours after operation. 

Dogs that survived more than 3 days usually woke up 
within a few hours after operation and could stand up 
and walk in the evening, with various degrees of diffi- 
culty. They usually started to drink the next morning 
and had a reasonably good appetite on the second post- 
operative day. They remained alert and active until a 
day or two before death. Once they became "sick," 
deterioration was rapid. No attempt was made to treat 


-," them. They were sacrificed when death appeared im- 


le 


P 


minent or they died during the night. 
Of the last 11 dogs in whom the modified surgical 
technique was used and fresh blood or fresh frozen 
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plasma (or both) was administered, 4 dogs survived 
from 3 to 8 days (Table 2). Four of the dogs died from 
other immediate causes before the quality of the pre- 
served allograft could be tested in vivo, although poor 
liver function may have contributed to the death. One 
of the dogs died from an apparent poor preservation due 


TABLE 1. Survival Time and Causes of Death of 19 Dogs Receiving 


Orthotopic Liver Transplants After 48 Hours of Liver Preservation 


Dog Survival Time Cause of Death 
1 6h Uncontrollable oozing 
2 0 Bypass failure 
3 9h Uncontrollable oozing 
4 7h Uncontrollable oozing 
5 7+ days Rejection 
6 4h Didn’t wake up, (?) poor liver func- 
tion 
7 4h Uncontrollable oozing 
8* 7h Uncontrollable oozing 
9 4-4- days Diffuse portal vein thrombosis, 
septicemia 
10 3+ days Undetermined 
11 8+ days Rejection 
12 i+ days Undetermined, (?) poor liver func- 
tion 
13 3h Pulmonary edema 
14 10h Shock during bypass 
13 6 1/2 days Rejection 
16 18 h Damaged liver due to accident in 
preservation 
17 8h Poor liver function 
18 3h Inadequate bypass due to small 
jugular veins 
19 Sh Severe hypercapnia and acidosis 


during operation 


* Pregnant dog. 


424 


TABLE 2. Bleeding Diathesis as a Cause of Death According to 
Management of 19 Dogs Receiving Orthotopic Liver Transplants 
After 48 Hours of Liver Preservation 


Uncontrollable Oozing 


Management No. of Dogs Yes No 
Old technique 
Without FB/FFP* 4 3 1 
With FFP 4 2 2 
Modified technique : 
With FB/FFP 11 2 9 


Total 19 7 12 
* FB, fresh blood; FFP, fresh frozen plasma. 


to the temporary occlusion of flow from the bile catheter. 
The remaining two dogs died from presumably poor 
liver function due to poor preservation. 

The perfusion characteristics during 48-hour liver pres- 
ervation were similar to those seen during 24-hour 
preservation in this laboratory? (Tables 3 and 4). The 
hepatic artery perfusion pressure, set initially at 80 mm 
Hg and allowed to seek its own level thereafter, gen- 
erally decreased shortly after the initiation of perfusion. 
The pressure usually remained at its lowest level until 
the end of preservation. The average perfusate flow was 
275 ml/min per liver at the beginning of preservation 
and 279 ml/min per liver at the end of preservation, with 
a range of 167 to 429 ml/min. There was no difference 
between surviving or nonsurviving livers in either perfu- 
sion pressure or perfusate flow. 

Bile production in 48 hours ranged from 35 to 245 ml, 
and there was no relationship between surviving and bile 
production. Results of coagulation and liver function 


TABLE 3. Hepatic Artery Perfusion Pressure of Canine Livers 
Preserved for 48 Hours 


Perfusion Pressure, mm Hg 


Dog Initial Highest Lowest Final 
1 80/50 80/50 74/32 . 76/32 
2 80/22 80/22 66/42 66/42 
3 80/50 84/48 80/46 84/48 
4 80/40 80/40 54/10 56/12 
5* 80/42 80/42 64/24 64/24 
6 80/36 80/36 70/22 74/24 
7 88/44 88/44 64/36 68/34 
8 80/40 80/40 46/28 64/36 
9* 80/50 80/50 70/34 70/34 

10* 80/42 80/42 64/28 72/22 

11* 80/36 . 80/36 72/26 80/26 

12 80/48 80/48 72/28 76/28 

13 80/55 80/55 58/44 68/18 

14 80 /— 80/— 62/32 68/26 

15* 80/50 80/50 60/28 66/24 

16 80/50 80/50 65/33 65/33 

17 80/50 80/50 65/30 65/30 

18 80/48 80/48 64/30 67/31 

19 80/40 80/40 55/17 55/17 

Mean 80.4/44 80.6/44 64.5/30 68.6/28.5 


* Dogs lived more than 3 days. 
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TABLE 4. Perfusate Flow in Canine Livers Preserved for 48 Hours 


Flow, ml/min per Organ 


Dog Initial Lowest Highest Final 
1 250 250 300 300 
2 273 273 273 273 
3 429 200 429 200 
4 273 273 300 300 
5* 231 231 273 273 >» 
6 231 231 250 250 
7 167 167 231 200 
8 167 167 333 333 
9* 273 273 273 273 

10* 231 231 250 . 250 

11* 333 300 333 300 . 

12 200 200 250 250 

13 375 271 375 271 

14 271 231 300 231 

15* 333 316 333 316 

16 333 316 333 316 

17 250 250 333 333 

18 300 286 300 300 

19 300 300 333 333 

Mean 275 251 305 279 


* Dogs lived more than 3 days. 


studies in the five dogs that survived. more than 3 days 
are shown in Tables 5 and 6. 

The livers in these experiments did not differ signifi- 
cantly in gross appearance after orthotopic implantation 
from those previously preserved for 24 hours.? The chief 
difference in the dogs receiving livers after 48-hour pres- 
ervation was that bleeding diathesis was a more serious 
and frequent problem. 

The dogs that received fresh blood or fresh frozen 
plasma (or both) during operation had either no change 


k~ 


f. 


or only a slight decrease in platelet counts and fibrinogen ¥ 


levels immediately after surgery; this pertained both to 
survivors and to nonsurvivors. The platelet counts were 


reduced by 30% and the fibrinogen levels by 65% in dogs. 


that did not receive fresh blood or fresh frozen plasma. 
Both groups had between a twofold and a threefold in- 
crease in fibrin split products. In surviving dogs, the 
platelet counts showed no change immediately after op- 
eration but gradually decreased to between one-third 
and one-tenth of the control level in most dogs on the 
day of death or sacrifice. The fibrinogen levels varied. 
After an initial increase in fibrin split products, there 
was no significant change up to the time of sacrifice or 
death. 

All dogs had a marked increase in level of serum glu- 
tamic oxalacetic transaminase (SGOT) and to a lesser 


extent in alkaline phosphatase immediately after surgery... 


The change in bilirubin level was minimal. Dogs that 
survived more than 3 days had a decrease in SGOT level 
on the second postoperative day, and this level remgined 
low, with a subsequent increase shortly before death. 
The alkaline phosphatase concentration was higher on 


. 
3 
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TABLE 5. Liver Function Studies in Dogs Surviving More Than 3 Days With Livers Preserved for 48 Hours 


Serum Bilirugin, mg/100 ml 
Survival, days Control Postop. Final Control 
7 0.1 0.8 2.4 25 
4 0.2 0.3 2.1 18 
34- 0.1 0.6 0.4 28 
8 0.1 0.3 2.1 9 
6 1/2 0.2 0.5 0.4 28 


the day after surgery and remained at that level until 
shortly before death, when a steep rise was noted. Serum 
Bilirubin concentrations varied, but they did not increase 
until a late stage. 

The pathologic findings in three dogs” that lived 6 to 8 
days were consistent with acute rejection. In the portal 
tracts and around the central veins, there was heavy 
cellular infiltration composed of mononuclear cells, im- 
munoblasts, lymphocytes, and plasma cells. Central zonal 
necrosis, with evidence of regeneration, also was seen. 
No abnormalities were found in the hepatic arteries. 
Mild cholestasis was present. 


Discussion 


Bleeding diathesis during surgery and in the early 
postoperative period is the main obstacle to the success 
of orthotopic liver transplantation.59!? This problem is 
greater with the preserved liver, both for the 24- and the 
48-hour liver preservation. 

Subsequent to the initiation of fresh blood or fresh 
frozen plasma transfusions to the recipient during the 
transplant procedure, the incidence of uncontrollable 
intraoperative oozing decreased markedly. A comparison 
of the fibrinogen levels gives some indication as to the 
reason for this decrease. In dogs not receiving fresh 
blood or fresh frozen plasma, fibrinogen values decreased 
to one-third of the control levels at the end of the opera- 
tion. This decrease was not observed in dogs given fresh 
blood products, even in the dogs that died within 24 
hours. The theoretic value of fresh blood or plasma dur- 
ing hepatic recovery from operative and preservation 
injury is obvious; not only because of the decreased or 
absent ability of the liver to produce coagulation factors 
but also because the partially damaged liver may serve 


SGOT, U/liter Alkaline Phosphatase, U /liter 
Postop. Final Control Postop. Final 
1,114 324 25 32 2,448 

848 16,200 14 .32 892 

1,664 344 38 38 69 

800 1,157 25 45 2,108 

580 1,896 35 46 2,048 


as a site for their destruction. Ideally, fresh blood or 
fresh frozen plasma (or both) should be administered 
during the postoperative period, until the allograft has 
recovered sufficiently to produce reasonable levels of en- 
dogenous coagulation factors. 

Bleeding problems were further ameliorated after 
modification of the technique in the anastomosis of the 
suprahepatic inferior vena cava. In our experience, the 
suture lines of this particular anastomosis were the major 
source of continuous loss of blood in the earlier dogs in 
this series. Using the donor's intrathoracic inferior vena 
cava and the recipient's intrahepatic inferior vena cava 
provided a longer cuff, a softer and more elastic tissue, 
and a smaller vessel for anastomosis. The opening of the 
suprahepatic inferior vena cava below the diaphragm is 
unnecessarily large. Thus, the anastomosis was made 
technically easier and faster, and it provided a better 
seal between the vessels. In addition, it allowed expo- 
sure and manipulation of the anastomotic region and 
undersurface of the diaphragm for the checking of bleed- 
ing points after revascularization. This maneuver is im- 
possible when two short segments of inferior vena cava 
are joined together between the diaphragm and the liver. 

The level of SGOT during the early postoperative 
period seemed to be a reliable indicator of a successful 
transplant. À subsequent increase was noted at the time 
of impending loss or rejection. The level of alkaline 
phosphatase, as in previous experience, was consistently 
elevated as rejection progressed.? Also seen in two of 
the three dogs in which platelets were counted just prior 
to death was a significant decrease in the count, most 
probably secondary to the participation of platelets in 
the rejection reaction. 

Our results represent limited success in preservation 


TABLE 6. Coagulation Studies in Dogs Surviving More Than 3 Days With Livers Preserved for 48 Hours 





Platelets, X 10?/mm? 


Survival, days Control Postop. Final Control 
7 82 103 310 239 
4 200 275 72 159 
3+ 445 270 165 250 
* 8 272 135 26 192 
6 1/2 234 260 46 341 


Fibrinogen, mg/100 ml 


Fibrin Split Products, mg/100 ml 


Postop. Final Control Postop. Final 
239 239 384 384 192 
159 364 96 384 384 

91 431 192 768 768 
261 261 48 384 768 
341 - A3 192 768 768 
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in that the longest survival was only 8 days, that is, until 
the time of rejection. In the future, immunosuppression 
will be implemented in order to increase survival. How- 
éver, after 48 hours of preservation, orthotopically re- 
implanted preserved livers were able to maintain life for 
periods of more than 1 week. Postulated factors in the 
success achieved might be 1) a relatively high perfusion 
flow rate at 6°C; 2) high concentration of methyl- 
prednisolone in the perfusate, 3) use of methylpredniso- 
lone in the donor as: a membrane stabilizer, with its 
parallel action of improving tissue perfusion, 4) gentle 
handling of the tissue and meticulous hemostasis, 5) judi- 
cious use of fresh blood or fresh frozen plasma (or both) 
to provide the needed coagulation factors at the critical 
time, and 6) anastomosis of the donor intrathoracic in- 
ferior vena cava to the recipient intrahepatic inferior 
vena cava for better control of postoperative bleeding. 


Summary 


Nineteen experiments with 48-hour preservation of the 
canine liver were conducted. Five of the 19 dogs sur- 
vived more than 3 days after orthotopic transplantation 
of the preserved liver, 3 of them until documented re- 
jection. Modifications in technique and the use of fresh 
frozen plasma and fresh whole blood appeared to be of 
value; additional factors possibly contributed to this 
rather modest success. 


Acknowledgment 


Appreciation is expressed to N. C. J. Sun., M.D. who reviewed 
the histopathologic specimens. 


References 


1, Abouna, G. M., Koo, C. C., Howanitz, L. F., Ancarani, E. and 
Porter, K. A.: Successful Orthotopic Liver Transplantation 
After Preservation by Simple Hypothermia. Transplant 
Proc., 3:650, 1971. | 


SUNG AND WOODS 


Ann. Surg. « April 1974 


2. Belzer, F. O., May, R., Berry, M. N; and Lee, J. C.: Short 
Term Preservation of Porcine Livers. J. Surg. Res., 10:55, 
1970. 

3. Brettschneider, L., Daloze, P. M., Huguet, C., Porter, K. A., 
Groth, C. G G., Kashiwagi, N., Hutchison, D. E. and Starzl, 
` T. E.: The Use of Combined Preservation Techniques for 
Extended Storage of Orthotopic Liver Homografts. Surg. 
. Gynecol. Obstet., 126:263, 1968. 


4. Cooperman, A. M., Woods, J: E. and McIlrath, D. C.: Simpli- 
fied Method of Canine Orthotopic Hepatic Transplanta- 
tion. Am. J. Surg., 122:797, 1971. 


5. Hinchliffe, A., Immelman, E. |? Bowes, J. B., Hunt, A; “Gis 
White, H. J. O., Johnson, M. G., Golby, M:, Peacock, 
J. H. and Riddell, A. G.: A Transportable Apparatus for 
Liver Preservation. Eur. Surg. Res., 2:427, 1970. 


6. Howland, W. S., Ryan, G. M., Bettigole, R. E. and Fortnér, 
J. G.: Coagulation Abnormalities Associated With Liver 
Transplantation. Surgery, 68:591, 1970. 


7. Mieny, C. J. and Myburgh, J. A.: Successful 20-Hr Preserva- 
tion of the Primate Liver by Simple Cooling. Transplan- 
tation, 11:495, 1971. 


8. Perkins, H. A., May, R. E. and Biker, F. O.: Cause of 
Abnormal Bleeding After Transplantation of Pig Liver 
Stored by a Perfusion Technique. Arch. Surg., 101:62, 
1970. 


9. Petrie, C. R. and Woods, J. E.: Successful 24-Hour Preser- 
vation of the Canine Liver. Arch. Surg., 107:461, 1973. 


10. Porter, K. A.: Pathology of the Orthotopic Homograft and 
Heterograft. In Experience in Hepatic Transplantation. 
T. E. Starfzl, editor. Philadelphia, W. B. Saunders Com- 
pany, 422 and 437, 1969. 


11. Schalm, S. W., Terpstra, J. L., Drayer, B., van den Berg, C. 
and Veltkamp, J. J: A Simple Method for Short-Term 
Preservation of a Liver Homograft. Transplantation, 8:877, 
1969. 

12. Von Kaulla, K. N., Kaye, H., von Kaulla, E., Marchioro, T. L. 
and Starzl, T. E.: Changes in Blood Coagulation: Before 
and After Hepatectomy or Transplantation in Dogs and 
Man. Arch. Surg., 92:71, 1966. 

13. Woods, J. E.: Successful Three- to Seven-Day Preservation of 
Canine Kidneys: Immediate Life-Sustaining Function. 
Arch. Surg., 102:614, 1971. 

14. Woods, J. E., Cooperman, A. M. and Mathews, L. E.: An 
Effective System for Long-Term Organ Preservation. Mayo 
Clin. Proc., 46:754, 1971. 


hd 


Saunders milestones 
restorative surge 





CHASE: 
Atlas of Hand Surgery 


Proven methods of treatment for a variety of defects, deformities 
and disabilities, with special emphasis on restorative reconstruc- 
tive surgical techniques. 


By Robert A. Chase, M.D., Emile Holman Prof. and Chairman. Dept. of 


Surgery, Stanford Univ. School of Medicine. 438 pp., 1271 figs. $30.00. Oct. 
1973. Order # 2495-2. 


POZNANSKI: 
The Hand in Radiologic Diagnosis 


An essential adjunct in hand surgery which depicts normal varia- 
tions, abnormalities, and manifestations of congenital malforma- 
tion syndromes and acquired disorders. 


By Andrew K. Poznanski, M.D., Prof. of Radiology, Univ. of Michigan. About 
720 pp., 640 figs. About $27.50. Just Ready. Order # 7327-9. 


MIEHLKE: 


Surgery of the Facial Nerve Second Edition 


Reflects scientific and surgical progress of the last decade, with 
operative techniques for restoration of the facial nerve damaged by 
trauma or disease. 


By Adolf Miehlke, M.D., Gottingen, with Ugo Fisch, M.D., Zurich. Translated 
by Lorenz S. Michaels. 281 pp., 151 figs. 23 color plates. $45.00. Aug. 1973. 
Order # 6318-4 


M WB. SAUNDERS COMPANY 


To receive titles on 30-day approval, NAME 
please fillin order numbers below 
ADDRESS 
CITY 


| 
| 
| 
== 


. ] Please bill me 
Saunders pays postage & handling if check accompanies order 





CLINICS IN PLASTIC SURGERY 


The April issue of this new hardbound quarterly 
of Intersex. Become a charter subscriber and 
Plastic Surgery in the Non-Caucasian and twi 
year. 


About 200 pp. per issue. Four Issues, $50 per year 


WILLIAMS & ROAF: 
Implants in Surgery 


Outlines the relationship between structure anc 
erties in metals, polymers and ceramics, plus 
effects on biological environments. 


By D.F. Williams, Ph.D., Lecturer in Materials; and R. 
Orthopaedic Surgery; both of the Univ. of Liverpox 
$33.25. October. 


REES & WOOD-SMITH: 
Cosmetic Facial Surgery 


A lavishly illustrated volume that provides you 
instruction in otoplasty, blepharoplasty, face lif 
other procedures. 


By Thomas D. Rees, M.D., Clinical Assoc. Prof. of | 
Donald Wood-Smith, M.D., Asst. Prof. of Plastic Surgen 
of Reconstructive Plastic Surgery, N.Y.U. Medical Schc 
Illus. (35 in color.) $55.00. Jan. 1973. 


West Washington Square, Philadelphi 





STATE. — Z| 
_] Check enclosed— 


Gast Canter: inickene 


Among the many roentgen manifestations of breast lesions, 
none are more easily misinterpreted than the thickened skin or punc- 
tate calcifications seen in cancer. By themselves, they are not pa- 
thognomonic. But as a link in a chain of clinical evidence, they often 
prove invaluable. 

Skin thickening may be focal or diffuse. As a rule, the thick- 
ened skin is the result of lymphatic obstruction. Occasionally, it 
may be invaded directly by the primary growth. 


Figure l—Inflammatory 
Carcinoma 

A. Craniocaudal View: 
skin of the breast is marke 
thickened at (a) and fades wv 
perceptibly toward (b 
cally, the patient co 

of a hot, painful and 2l 
eT: 2M (eT: KEULI [UT 
grade 4 scirrhous adenog 
cinoma. 


). The same patient's contra- 
ateral breast was normal. 


Figure Il—Nipple Retract 
Congenital and Maliqnar 
lateral nipple retracti 
childhood.) 

A. Craniocaudal B MT aum 
EWCRT AUPE CREE 
vaded the nipple (b) and s 
(c). 


B. Normal contralateral breast 
eveals the congenitally in- 
erted nipple (arrow); the skin 
s normal. 





College of Radiology—An Atlas of Tumor Radiology 
—Yearbook Medical Publishers, Inc. Reprints of this 
and subsequent reports available upon request 
Please write Eastman Kodak Company, Dept. 740 
Radiography Markets Division, Rochester, N.Y. 14650 


Figure IIl —Multicentric 
Carcinoma 

Craniocaudal view reveals a 
cluster of grade 3 scirrhous 
adenocarcinomas (arrows) 
with focal skin thickening (a) 
immediately adjacent to the 
largest lesion (b). 


Figure IV—Carcinoma with Lo- 

calized Skin Thickening 

Mediolateral view reveals alim- Gi - 

ited area of skin thickening (a) t 
$ C 


Nx 

de s 
l AEAU A 
due to the primary scirrhous d e 
adenocarcinoma (b) demon- Sle 


strated well below skin level. p^ 

Note the two prominent ves- 6 | 
sels (c) which could be dilated F pea 
lymphatics. ; ws 1 


^ là 
(oe 
mou 


u 


Quality, confidence and performance. Words that mean 
a lot to us at Kodak. 

We believe in quality products . . . because we feel that 
when you see the name Kodak you should expect the kind of 
reliability that comes from years of experience in medical 
radiography. 

We're confident that the Kodak x-ray film you choose will 
do the job you want it to. And do it well. And also that you can 
be sure of getting the right film for the right job . . . whatever 
it may be. 

And we're always looking for new ways to enhance the per- 
formance of all our products. That’s why we worked to develop 
the KODAK X-OMATIC Films which offer you a new approach 
to improved image quality. And they provide the timesaving 
advantages of automatic 90-second processing. 

We'd like to help you. Contact your local 
Kodak Technical Sales Representative for more 
information, or consult your medical x-ray prod- 
ucts dealer. 





SURGICAL TREATMENT OF HEAD 
AND NECK TUMORS 


By Jorge Fairbanks Barbosa, M.D. 


Rosemarie von Becker Froon, Translator 


The most recent operative techniques that have been found 
of proven value in practice are described by the author in 
step-by-step detail. Amply illustrated with schematic draw- 
ings, indications and complications of the techniques are 
discussed. This book is distinctive for the emphasis given 
to reconstruction, whenever possible, during the same ses- 
sion the ablation is performed. All techniques described 
in this volume give special attention to the ways of access 
that provide ample visibility of the lesion and allow recon- 
struction with a safety margin. This book is meant for head 
and neck surgeons, otolaryngologists, plastic surgeons, 
general surgeons, maxillofacial surgeons, radio-therapists 
and oncologists. 


April 1974, 416 pp., 227 illus. abt. $25.00 
ISBN 0-8089-0811-1 


ADVANCES IN CARDIOVASCULAR SURGERY 


Edited by John W. Kirklin, M.D. 


This volume is a comprehensive and up-to-date review of the enormous progress made 
in the fields of congenital heart disease. The indications for cardiac surgery, the tech- 
niques of repair, the methods of support during and after operation, as well as the 
results of cardiac surgery are presented in this monograph. A uniform definition and 
classification of congenital heart disease is presented along with recent advances in 
complex congenital malformations and primary definitive intracardiac operations for 
infants. The section on valvular heart disease elucidates the use of totally cloth-covered 
prostheses, the myocardial blood flow during and after cardiopulmonary bypass, and 
long-term effects of aortic valve replacement. Ischemic heart disease is surveyed and 
analyzed with chapters on bypass grafting for both myocardial infarction with shock, 
angina pectoris, as well as surgical treatment of complications. 





A Clinical Cardiology Monograph 
December 1973, 224 pp., 51 illus. $15.75 
ISBN 0-8089-0707-2 £7.40 


AUDIO JOURNAL REVIEW: GENERAL SURGERY 


Edited by Robert N. McCleeland, M.D. 


Tape cassettes offer an entirely new way to keep abreast of surgical developments. 
Starting with the January 1974 issue, Audio Journal Review converted to a topical for- 
mat, and selected areas will be reviewed in detail each month from the outstanding 
literature in that particular field. Within a three to four year span, it is planned to cover 
the entire spectrum of general surgery. A printed table of contents is sent with each 
cassette for ready reference. 


FORTHCOMING TOPICS 


1974 (Vol. III): Gallbladder and Biliary Tract, Pancreas, Metabolism-Nutrition, 
Surgical Infections, Stomach, Breast 

1975 (Vol. IV): Thyroid-Parathyroid, Small Bowel and Intestinal Obstruction, 
Hernia, Colon-Rectum-Anus-Appendix-Liver-Spleen-Portal Hypertension. 


Issued monthly, 12 tape cassettes per year, 
each 60 minutes long — annual subscription, $60.00 


Grune & Stratton, Inc. 


A Subsidiary of Harcourt Brace Jovanovich, Publishers 
111 Fifth Avenue, New York, N.Y. 10003 
Available in the United Kingdom through: Academic Press, Inc. (London) Ltd. 
24-28 Oval Road, London NW 1 7DX 


iin 8 
T 
4 
Pa 
+ 


YPOTENSIVE SHOCK IN pocs is attended by the de- 

velopment of adhesiveness and aggregation of 
platélets and leucocytes,"7?5 the degree of which can 
be measured by an increase in the screen filtration pres- 
sure (SFP) of the blood.!9:16 These microemboli obstruct 
the microvasculature of the lungs and cause an increase 
in pulmonary arterial pressure.® Gross hemorrhages of 
the lungs, degeneration of the fine structure?* and in- 
creases in pCOs tension in arterial blood’? accompany 


these changes. During shock, abnormally high levels of 
‘serotonin appear in the circulating blood.!* Pretreatment 


of the animals with an antiserotonin agent (UML-491;* 
I-methyl-d-lysergic acid ( --) — butanolamide bimaleate) 
may reduce the severity. of traumatic shock, and pre- 


^t vent gross hemorrhages and the pCO, difference between 


ae 


-* , 


arterial blood and alveolar air from developing, pre- 
sumably by reducing the adhesiveness of platelets.” 


In the present study, it will be shown that removal of. 


a portion of platelets and leucocytes from the circulating 
blood by filtration of the experimental animal's blood 
through a Dacron wool filter? in an extracorporeal sys- 
tem, prior to production of the acute hypotension, sig- 
nificantly prevents the development of pulmonary ultra- 
structural lesions which occur in mongrel and black 
laborador dogs during acute hypotension. 


Materials and Methods 


Adult mongrel and black laborador dogs weighing 35 
to 50 pounds were anesthetized -with sodium pentobar- 
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bital. A femoral .artery cannula was inserted for blood 
pressure control and for bleeding. The external jugular 
veins were exposed and. a size 16 catheter passed via the 
right vein into the lower part of the right heart for blood 
withdrawal. Another similar cannula was inserted into 
the left jugular vein for return of blood. The blood with- 
drawn from the right atrium was circulated through a 
Dacron wool filtert and returned to the experimental ani- 
mal by the cannula in the left jugular vein. The tubing 
to and from the filter had an internal diameter of X" and 
the blood was circulated by a Sarns roller pump at a 
rate of 670 cc/min for from 1 to 3 hours. 

The extracorporeal circulation was stopped just before 


_ the production of hypotensive shock by bleeding through 


the arterial cannula. The bleeding was continued until 
the mean blood pressure had dropped to 30 mm hg 
where it was held for 20 minutes. The elapsed time 
between the onset of bleeding and sacrifice averaged 
about 60 minutes. Sacrifice was by sectioning the ab- 
dominal aorta and inferior vena cava. The thoracic cage 
was then opened immediately and both lungs were re- 
moved for examination. Samples of tissue were removed 
from both lungs, cut into small sections (1 mm?) and 
fixed for one hour in 32 glutaraldehyde buffered to pH 
7.4 with 0.1M sodium cacodylate containing 25mg% cal- 
cium chloride. They were postfixed in sodium cacodylate 
buffered 12 osmium tetroxide (pH 7.4), dehydrated in 
ethanol, processed with propylene oxide and embedded 
in Epon 812. Thin sections were cut on a Porter Blun 


MT-2 microtome, stained with lead citrate and uranyl |. 


acetate to enhance contrast and examined with an RCA 
4B electron microscope. | 


498 
Results 


There were 12 control animals which were exsan- 
guinated by way of a percutaneous cannula in one 
femoral artery to a blood pressure of 30 mm Hg and 
held at that level for 20 minutes. The elapsed time from 
onset of bleeding to sacrifice was about 60 minutes. The 
blood of these animals was not subjected to filtration 
prior to exsanguination. The lungs of each animal ex- 
hibited multiple punctate and diffuse hemorrhages as 
previously shown.!? Electron microscope examination of 
lung specimens grossly free of hemorrhages routinely 
revealed microcircular obstruction at many points by 
platelet-leucocyte aggregates in various stages of disinte- 
gration (Fig. 1). The organelles of these cells were scat- 
tered throughout the blood vessels (Fig. 2) and lysoso- 
mal granules were fused to the endothelial lining. In 
such areas, beginning degenerative alterations in the 
capillary endothelial and type I alveolar epithelial cells 
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of the interalveolar septum were observed ( Fig. 3). These 
cells appeared swollen and their cytoplasmic matrices 


were frequently rarefied. Discontinuities of their surface x 


plasma membranes were occasionally exhibited. In many ^ 


areas, plasma transudates occurred within the interstitial 
and alveolar air spaces. 

In the 8 experimental dogs the blood was circulated 
through a Dacron wool filter in a partial veno-vengus 
bypass for 1 to 3 hours at a rate of 670cc/min. Each 
animal was then exsanguinated as were the above 12 
controls and mean arterial pressures maintained at 30 
mm Hg for 20 minutes before sacrifice. The total elapsed 
time from start of bleeding to sacrifice was approximately 
60 minutes. In six of these animals, an electron micro- 


scopic examination of the lungs was made. In one ani- o 


mal ( #2), a period of low blood pressure (mean pres- 
sure of 30 mm Hg) occurred about one hour after start 
of bypass as the result of an overdose of nembutal an- 


Fic. 1. Lung biopsy from 
a dog exsanguinated to a 
blood pressure of 30 mm 
Hg and held at that level 
for a period of 20 min- 
utes. The blood of the 
animal was not subjected 
to filtration prior to bleed- 
ing. pulmonary capilary 
(CAP) is occluded by a 
disintegrating platelet- 
leucocyte aggregate. Cap- 
illary Endothelium ( EN ); 
Alveolar air space (AAS). 
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Fic. 2. Lung biopsy from 
a dog exsanguinated to 
a bleod pressure of 30 
mm Hg and held at that 
level for a period of 20 
minutes. The blood of the 
nimal was not subjected 
to filtration prior to bleed- 
ing. A pulmonary vessel 
(CAP) contains numer- 
ous dense lysosomal-like 
granules and membrane- 
bound remnants of lysed 
endothelial cells. The cap- 
illary endothelial plasma 
membranes are indistinct 
and discontinuous (EN ). 
Plasma transudates can 
be seen in the alveolar air 
spaces (AAS). 


esthesia. In this animal a few hemorrhages of the lungs 
and a few platelet-leucocyte aggregates and lung changes 
were seen, similar in nature but less severe than was 
observed in the 12 control animals. In another animal 
(#3), gross hemorrhage into the thigh and lower abdo- 
men from an unsuccessful femoral artery puncture re- 
sulted in the estimated loss of 750 cc during bypass. This 
dog also had minimal but definite pathological changes 
in the lungs similar to but less severe than those observed 
in the non-filtered controls. In the remaining six dogs, 
the filtration procedure went smoothly without a fall in 
blood pressure. The hypotension which followed was at- 
tended by no gross hemorrhages of the lung. In the four 
animals in which electron microscopic studies were made, 
norma] alveolar lining cells, capillary endothelial cells 
and interstitial elements were found (Fig. 4). Numerous 
platelets and leucocytes were present in the pulmonary 
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microvasculature, but these were not fused together into 
aggregates, and their cell membranes and internal struc- 
tures were well preserved. 

Additional data concerning length of the filtration pe- 
riod and platelet and leucocyte counts are contained in 
Table 1. The control platelet counts were frequently low, 
presumably due to the heparinazation of the animals. 
Platelet counts may drop precipitously immediately after 
the injection of some grades of heparin. They then grad- 
ually return to normal in approximately 30 minutes.®§ 
During partial bypass and filtration, platelet counts usu- 
ally decreased to their lowest levels during the first 30 to 
60 minutes and then remained at or near this level for 
the duration of filtration. The platelet counts during 
bypass varied from dog to dog. The leucocyte counts also 
decreased during filtration by a variable amount and also 
early during filtration. 


During hypotensive shock the pulmonary lesions ex- 
hibited by mongrel and black laborador dogs were at- 
tended by a sharp elevation of the SFP during the period 
of rapid bleeding. The SFP, normally 25 to 50 mm Hg 
in these animals, increased to 200 to 600 mm Hg in most 
animals and rarely was less than 100 mm Hg at some 
time during the bleeding. This was true in both hepari- 
nized and nonheparinized dogs.* In the eight dogs in 
which a partial bypass with filtration of the blood 
through Dacron wool? was done, no increase in SFP 
during bleeding or during the subsequent 20 minute 
period of hypotension was observed, although samples 
were tested at frequent intervals. 

It is to be noted that greyhound dogs react differently 
to bleeding. The SFP of the blood increases none or 
slightly during shock. Some strains of hound dogs may 
react similarly to the greyhound. These strains of dogs 


SWANK, CONNELL AND WEBB 





T P XX C 
iiia 4E si a. ck yo, 


Fic. 3, Lung biopsy from 
a dog exsanguinated to a 
blood pressure of 39 mm 
Hg and held at that level 
for a period of 20 min- 
utes. The blood of the 
animal was not subjecte: 
to filtration prior to bleed- 
ing. The pulmonary cap- 
illaries (CAP) are filled 
with disintegrating rem- 
nants of platelet-leuco- 
cyte aggregates (lysoso- 
mal-like granules). Focal 
discontinuities are seen 
in the capillary endothe- 
lial (short arrow) and 
type I alveolar epithelial 
(long arrow) cells. AI- 
veolar air space (AAS). 






have also exhibited far fewer pulmonary changes as the 
result of acute hypotension. 


Discussion 


The results reported in this paper suggest that the 
platelets and leucocytes which form aggregates and mi- 
croembolize the lungs during shock are those which are 
metabolically, or for some other reason, predisposed to 
become adhesive and aggregate, and subsequently break 
down and release their organelles to the surrounding tis- 
sues. The lysosomal granules are of special interest since 
they are known to contain lytic enzymes capable of tissue 
digestion.^?? It seems likely that these enzymes caused 
the destruction of the capillary endothelium and possibly 
the type I alveolar epithelium. During bypass filtration, 
however, these platelets and leucocytes appear to have 
become attached to the Dacron fibers in the filters, 
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thereby being removed from the blood returning to the 
body. However, not all platelets were absorbed in the 
*. Dacron fibers. 

This study does not elucidate which platelets were 
removed whether they were the old or young, or whether 
they could otherwise be characterized. In any event, it 
would appear that the many normal platelets and leuco- 
cytes which were observed in the normal lungs of the 
bypass filtered dogs, and those platelets and leucocytes 
in nonfiltered exsanguinated dogs which aggregated, 
microembolized the lungs, and then disintegrated were 
‘two, different populations. The degenerative changes in 
the Jungs would appear to be related to the latter group. 

Neither does this study explain why pretreatment of 


, ogs with a serotonin antagonist prevented pCO, changes 


and pulmonary hemorrhages during shock.'? It is known 
that serotonin causes platelet adhesiveness and aggrega- 
tion both in vivo and in vitro, and that the antagonist 


Fic. 4. Lung biopsy from 
a dog whose blood was 
filtered through a Dacron 
wool filter in an extra- 
corporeal system for two 
hours prior to the produc- 
tion of acute hypotension. 
Fine structure reveals nor- 
mal alveolar lining cells 
(EPI), interstitial ele- 
ments (IS) and capillary 
endothelial cells (EN ). 
No platelet-leucocyte em- 
boli are present in the pul- 
monary vessels (CAP). 
Alveolar air space ( AAS). 
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prevents or reduces these actions. We do not know, how- 
ever, whether the antagonist affected all platelets or only 
those which would be removed by filtration. 

It is suggested from other studies of shock!? and from 
transfusion studies now in progress? that platelet-leuco- 
cyte microemboli tend to migrate through the lung capil- 
lary bed and in a short time appear in the arterial circu- 
lation. Other capillary beds then become embolized 
(brain, kidneys, etc.) and widespread destruction of the 
body tissues result? Emboli in these organs in turn 
slowly make their way to the venous system and are 
returned to the lungs. These migrating microemboli could 
be an important factor in the production of irreversible 
shock in which case their removal from the blood would 
benefit patients in shock. The possibility exists that this 
could be accomplished by filtration in a partial veno- 
venous bypass as demonstrated in this paper. The very 
numerous small (circa 10u in diameter) emboli as well 
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TABLE 1. Additional Data on Length of Filtration Period and Platelet and Leucocyte Counts 
Lung Changes Plat. X1000 Leuk. X1000 
Wt. Min. Filt. Gross E.M. Control After Filt. Control After Filt. 

#1 19 160 N N — — -—- — 
(9458) 

#2 22 90 + 4 385 140 11.0 2.6 
(9451) 

#3 18 180 = 4. 145 110 5.8 5.0 
(9468) 

JA 24.5 195 N N eds — = — 
(9296) 

#5 2L. 120 N N 145 45 6.0 3.8 
(9467) 

#6 23.2 60 N — _ - T oo 
(9493) 

#7 25.0 150 N — 44 100 8.2 2.0 
(9544) 

#8 28.5 135 N N 52 85 3.2 4.0 
(6141) 

The dog weight in kg. minutes of filtration, gross and electron microscopic (E.M.) lung changes (N = normal; + indicates abnormal 
changes; — no studies) and platelet and leucocyte counts X1000 before and after filtration are shown. 


Animal Z2 developed a period of acute hypotension from an overdose of nembutal just one hour after start of filtration. 
Animal #3 hemorrhaged into his thigh and abdominal wall from an unsuccessful femoral artery puncture prior to the start of bypass (see 


test). 


as the few larger ones should be removed, since a small 
aggregate would be a nidus for formation of a larger 
aggregate. From the work of Solis," it is evident that 
single layer pore filters fail to remove the very large num- 
ber of aggregates under 40u in diameter. The Dacron 
wool filter, however, used in this study efficiently re- 
moved aggregates down to 10u in diameter." This filter 
also selectively removed those blood elements predis- 
posed to aggregate and/or disintegrate and release their 
destructive organelles. 

It would appear that the period of filtration necessary 
to prevent the usual shock lung findings is in excess of 
one hour and probably 2 to 3 hours. Two animals (#2 
and #3) were in shock, #2 from an overdose of nem- 
butal at one hour and #3 from bleeding during the first 
hour of filtration. One other animal filtered for one hour 
(3£6) was free of gross lung changes. The limited evi- 
dence available would suggest that one hour of filtration 
was either inadequate or barely sufficient to remove the 
blood elements predisposed to aggregate and disintegrate 
during hypotensive shock. 


Conclusions 


Partial removal of platelets and leucocytes from the 


blood of dogs by filtration of their blood through a 


Dacron wool filter in a partial veno-venous bypass pre- 
vented gross hemorrhages and fine structural changes in 
the lungs which occur during acute hypotension from 
exsanguination when this platelet-leucocyte removal pro- 
cedure was not done prior to bleeding. 
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Changes in Left Ventricular Function 


Following Myocardial Infarctectomy: 


JOSEPH W. LEWIS, JR., M.D., GRAEME L. HAMMOND, M.D. 


ARDIOGENIC SHOCK and intractable heart failure sec- 
C ondary to acute myocardial infarction are associ- 
ated, in some series, with a 60% to 100% mortality rate? !? 
Conventional therapy, unfortunately, has failed to im- 
prove these figures significantly, and the value of surgi- 
cal intervention has not been decisively established. 
Heimbecker® produced infarcts in calves, resulting in an 
untreated mortality of 100%. With vigorous resuscitation, 
the maximal left ventricular stroke work (LVSW) was 
only 16.6% of the preinfarction value; resection of the 
infarct increased this figure to 39.3%, with an overall sur- 
vival rate of 47%. Jude* demonstrated an 80% mortality in 
dogs after ligating the left anterior descending coronary 
artery, the cause of death being arrhythmia and/or con- 
gestive failure. The surviving animals showed no rise in 
'ardiac output (CO) with exercise, compared to a near- 
normal rise after infarctectomy. The mortality of infarc- 
tectomy, however, was 60%. Subsequent cineangiograms 
of infarctectomy survivors showed adequate ventricular 
contractions, with only a slight diminution in ventricular 
volume. Glass? showed a restoration of CO to near nor- 
mal levels in dogs undergoing infarctectomy, with long- 
term survival rates of slightly less than 504. If the resected 
segment were greater than 30% of the left ventricular 
wall, most animals died of congestive heart failure. 

On the other hand, Danielson? was unable to improve 
ventricular function following infarctectomies ranging in 
size from 5% to 30% of the left ventricular mass, with all 
animals dying within eight hours. Pairolero? found that 
small infarcts (1 x 2 cm of left ventricular wall) were 
not associated with hemodynamic changes before or after 
excision. Excision of larger infarcts resulted in elevation 
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of left ventricular end diastolic pressure and a blunted 
response of the ventricle to inotropic drugs. This experi- 
ment was undertaken to assess changes in ventricular 
performance following acute myocardial infarction and 
infarctectomy in the dog and its possible relevance to 
the clinical problem of postinfarction cardiogenic shock 
and congestive heart failure. 


Method 


Fourteen adult mongrel dogs were anesthetized in- 
travenously with sodium thiopental 25 mg/kg and venti- 
lated through an endotracheal tube connected to a 
volume respirator. Ventilatory status and acid base bal- 
ance were monitored by frequent arterial blood gas 
determinations. The heart was exposed through a left 
thoracotomy and simultaneous pressure recordings were 
obtained from the aortic arch and the left atrium. An 
electromagnetic flow probe Micron Instrument, Inc., Los 
Angeles, Calif.) was secured around the ascending aorta 
to measure supracoronary CO. The above parameters 
were recorded on a Hewlett Packard multichannel 
system. 

CO and left ventricular stroke work (LVSW) curves 
were determined for each animal in the steady state, one 
hour post infarction, and one hour post infarctectomy. 
Curves were constructed by gradually elevating left 
atrial pressure through intuston of heparinized fresh 
canine whole blood into the inferior vena cava with 
measurement of resultant rises in CO and LVSW. LVSW, 
a reflection of left ventricular energy production, was 
calculated according to Sarnoff's formula:!* * 
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Fic. l. Open chest preparation with ligated LAD (left anterior 
descending coronary ) artery evoking distal infarct. 
LVSW = (mean aortic pressure — mean left atrial 
pressure) stroke volume/100 
Stroke volume (minus coronary flow not measured by 
the electromagnetic probe) was calculated by dividing 


Fic. 2. Full-thickness ex- 
cision of left ventricular 
infarct with circulatory 
arrest. 
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CO by the ventricular rate at any given left atrial pres- 
sure. After determination of each curve, the animal was 
bled a variable volume, returning the measured param- 
eters as close to the steady state volume as possible. 

Ventricular infarcts were created by ligation of the 
left anterior descending coronary artery approximately 
three centimeters from its origin (Fig. 1). Interconnect- 
ing coronary vessels to the proposed area of infarction 
were separately ligated to assure total ischemia. To de- 
lineate the extent of infarction, a 1% solution of methy- 
lene blue was injected into the left atrial cannula with 
eventual passage into the coronary microcirculation 
through the open coronary arteries. Healthy muscle 
turned a dark blue color immediately after injection, in 
stark contrast to the non-stained ischemic areas produced 
by the above technique. Methylene blue in this concen- 
tration did not affect ventricular function as reflected by 
stable LVSW curves. 

Resection of infarcts was accomplished by occluding 
right heart inflow, cross clamping the ascending aorta, 
and fibrillating the heart. The well-defined infarct (Fig. 
2) was excised sharply and the ventriculotomy was 
closed with a continuous heavy suture over Teflon strips 
(Fig. 3). The excised infarct was expressed as a per- 
centage of left ventricular weight (including septum), 
determined when each animal was sacrified. The entire 
resection could be done in three minutes or less and a 
stable heart beat restored after one or two DC counter- 
shocks. The only drugs used in this experiment were 
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Fic. 3. Ventriculotomy * 
— closed with Teflon felt. 





x. 
TABLE 1. Mean Aortic and Left Atrial Pressure and Cardiac Output in Resting State After Myocardial Infarction 
and After Infarctectomy 
% Before Infarct After Infarct After Resection 
Resected LAP AOP CO LVSW LAP AOP CO LVSW LAP AOP CO LASW 
ME 5.0 85 £3 10.0 5.0 85 1.4 11.1 5.0 67 1:1 1.6 
12.5 137 1.6 24.0 15.0 110 1.9 18.5 15.0 90 1.9 18.8 
6.8 5.0 60 1.0 5.2 7.0 87 1.7 10.8 5.4 53 Ls 4.4 
12.5 90 2.6 19.4 15.0 79 2.1 12.1 17.5 90 2.1 15.3 " 
5.0 127 1.9 16.6 5.0 115 2.4 19.1 5.0 107 i2 10.8 
6.9 17.5 205 2.4 40.8 15.0 173 2.4 34.2 15.0 143 2.1 22.6 
7.8 5.0 104 1.4 9.6 5.0 95 0.5 3.8 ST 71 1.0 5.9 
15.0 155 3:2 34.8 15.0 180 iS 23.1 15.0 135 1:3 19.3 
7.9 0.0 147 1.6 15.4 2.5 119 1.6 13.4 1.5 100 0.9 3.2 
14.0 170 4.3 9177 12.5 160 2.6 27.2 Ne 135. 1:7 17.8 
9.3 5.0 125 3.2 25.9 5.0 130 23 19.2 5.0 93 1: 12:4 
7:5 140 4.3 43.1 1323 150 2.9 29.9 liss 140 Zio 21.0 
9.6 5.0 117 Ll 9.1 5.0 73 1.0 6.5 7:5 75 0.8 5,9 
17.5 169 2:9 31.5 15.0 76 2:1 11.9 15.0 87 1:0 8.1 
9.8 5.0 100 3.0 23 4 5.0 53 m 10.2 7:5 30 2.0 5.0 
15.0 117 4.7 43.7 15.0 63 4.4 19.8 15.0 40 3.47 10.4 
11.0 ove 120 dad 23.4 5.0 127 a 11.9 123 80 1:2 9.5 
13.8 165 2.4 96.0 15.0 144 2.4 19.5 13.5 85 2:9 17.6 
13.4 5.0 89 0.9 8.5 5.3 93 0.5 4.1 15 52 0.5 4.5 
12.0 110 3.3 31.0 12.0 122 2.6 24.9 10.0 59 1:5 8.0 
16.1 5.0 105 2:3 17.6 5.0 65 0.7 3.1 5.0 57 0.7 2.6 
15.0 128 3.8 2.8 15.0 57 0.2 4.6 15.0 77 0.9 4.3 
16.8 1.5 115 1.9 15.6 10.0 126 1.9 19.2 7.5 125 0.2 2.4 
17.5 133 2.6 28.5 15.0 138 2.2 25.0 15.0 135 0.4 4.5 
17.0 7.5 IIS 1.6 13:73 5:20 78 0.9 5.0 1:8 50 0.9 3.0 
17.5 117 bos 19.1 15.0 57 0.1 4.4 15.0 50 0.9 2.9 
24.0 5.0 104 0.9 1.3 5.0 57 0.3 1.4 5-0 50 0.4 1.4 Y 
15.0 152 2.2 24.2 15.0 15 0.9 4.2 15.0 60 0.6 2.0 





Upper figures for each animal represent stabilized values, lower figures are peak values. 

LAP: Mean left atrial pressure (mmHg) E 
AOP: Mean aortic pressure (mmHg) 

CO: Cardiac output (Litersmin.) 

LVSW: Left ventricular stroke work (Gmm) 
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calcium gluconate administered post-resection to aug- 
ment a sluggishly contracting ventricle and sodium bi- 
carbonate to correct metabolic acidosis secondary to 
decreased tissue perfusion during resections. To insure 
that ventricular performance did not change as a func- 
tion of time, four additional animals were prepared 
according to the above method but no infarction or 
resection. was performed. Determination of CO and 
LVSW curves at hourly intervals up to six hours were 
performed in the control group. Results failed to show a 
change in function in these contro] animals. 


o- Results 


In the experimental group of 14 animals, ligation of 


; ;.the distal left anterior descending coronary artery pro- 
^! duced a darkened akinetic area within minutes. There 


NU 
b 


was no significant ventricular irritability shown by elec- 
trocardiographic monitoring nor any paradoxical motion 
of the infarct with increased ventricular work loads im- 
posed by the experiment. In virtually all animals, tem- 
porary impairment in ventricular function was demon- 
strated by a fall in mean aortic pressure and CO, with a 
concomitant rise in left atrial pressure. These values 
would approach the normal baseline spontaneously if the 
infarction were less than approximately 7% of the left 
ventricular mass. Infarction of greater size caused a 
variable lowering of mean aortic pressure and CO for a 
given left atrial pressure (Table 1). CO and LVSW 
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Fic. 4. Ventricular function curves for the stable preparation 
(control), one hour after production. of left ventricular infarct 
(5.2% of the left ventricular mass), and one hour after excision 
of this infarct. 
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Fic. 5. Ventricular function curves for an infarction and resection 
of 6.9% of the left ventricular mass. 


curves showed similar impairment as the size of the 
infarct increased (Figs. 4-6). As the infarct approached 
16% or more of ventricular mass, rises in left atrial pres- 
sure would produce essentially no change in CO and 
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Fic. 6, Ventricular function curves for an infarction and resection 
of 9.3%. 
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Fic. 7. Ventricular function curves for an infarction and resection 
of 16.8%. 


LVSW, which indicated inability of the left venzricle 
to handle even small increments in work load (Fig. 7). 
Resection of the infarcted segments in most an-mals 
produced a further decline in function. The degree of 
impairment was again directly proportional to the magni- 
tude of infarction (Fig. 8). Resections of less than 7% 
showed no significant change in function, while chose 
over 15% were always associated with severe left ven- 
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resection and peak left ventricular stroke work. [Same as label 
on photo] - 
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tricular pump failure and eventual death of the animal. 
Determination of CO and LVSW in control animals 
failed to show any change in function (Fig. 9). mr 


Discussion 


In the experimental setting, small acute myocardial 
infarcts (less than 7% of the left ventricular weight) 
usually are not associated with cardiogenic shock or left 
ventricular power failure. As the size of the infarct in- 
creases, evidence of reduced left ventricular function 
appears. The mechanism producing this phenomenon is 
not entirely clear but is probably related to a loss of 
activity in contracting myocardial fibers, resulting in 
akinesis or dyskinesis of the involved segment. 

In the chronic situation, impaired motion of the ven- " 
tricular wall may physically interfere with the normal ' 
mechanics of contraction as proposed by Wiggers and 
others*!$ or the scarred area may actually move para- 
doxically in systole, allowing variable increments of the 
stroke volume to enter the developing aneurysmal sac. 
If this process continues over several weeks or months, 
larger increments of the stroke volume will enter the 
sac, resulting in progressive low-output heart failure. The 
value of aneurysmectomy in this chronic situation is well 
documented.» 15 

When acute myocardial infarction is associated with 
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Fic. 9. Control function curves for the noninfarcted, nonresected 
animal showing no essential change in cardiac output or left 
ventricular stroke work four hours after initial preparation. 
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life-threatening arrhythmias refractory to the usual medi- 
cal management, excision of the infarcted areas in lim- 
{Cited cases has resulted in stabilization of the heart beat 
* and survival of the patient.” Experimental evidence? 
also indicates that excision of acutely infarcted segments 
of left ventricle will decrease the irritability of peri- 
infarction zones with stabilization of electrical activity 
of the heart. 

The beneficial value of infarctectomy in the manage- 
ment of acute postinfarction cardiogenic shock and 
low-output failure could not be documented by this ex- 
periment, however. Small infarcts (less than 7% of left 
ventficle) were not associated with significant hemody- 
namic instability, and therefore required no specific 
,. therapy. Larger infarcts, however, produced progressive 
bai worsening of left ventricular function, with a plateau at 

approximately 16% of left ventricular weight. At this point, 
death occurred in all animals in this group. Infarctectomy 
was ineffective in restoring CO and LVSW curves to 
their original baselines, and, in most cases, produced a 
further decline in function. Extrapolation of these find- 
ings to the clinical situation is, of course, hazardous, but 
it does not appear that acute infarctectomy, except in 
the management of intractable, life-threatening arrhyth- 
. mias, is warranted. To date, the most productive avenue 
of approach to these acute complications seems to be 
cardiac assist devices, alone or combined with aorto- 
coronary vein bypass grafting. 


Summary 


Myocardial infarcts ranging from 5.2% to 24.0% of the 
left ventricular mass were produced by ligating variable 


we segments of the anterior descending coronary artery. 


* Impairment of ventricular function reflected by CO and 
LVSW curves was directly proportional to the size of the 
infarct, with no acute survivors in animals sustaining 
infarcts greater than 15% of the left ventricular mass. 
Infarcts and infarctectomies of less than 7% were not 
associated with significant hemodynamic impairment. 
Resection of larger infarcts failed to produce improve- 
ment in function, and, in large infarcts, seemed to worsen 
performance. 
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Complete Transection of the Common 


NJURY TO THE EXTRAHEPATIC BILIARY TREE follcwing 
I nonpenetrating blunt trauma is rare. Isolated tran- 
section of the common bile duct is even more uncommon. 
Only a few reports of this lesion have appeared in the 
English literature. 


Case Report 


A 39-year-old black male was referred to the VA Center, 
three days after he was involyed in a motor vehicle accident 
wherein he reportedly sustained steering wheel trauma to the 
abdomen. He was taken to a local hospital where he was “ound 
to be intoxicated and to have a low blood pressure. His blood 
pressure, however, responded to infusion of Ringer's lactate. Ad- 
mission hemoglobin was 9.8 Gm.£, falling to 7.4 GM.% two 
days later. Chest and abdomen X-rays were reported as essen- 
tially normal His abdomen became distended and abdominal 
tap three days post-injury showed “dark blood.” He was then 
transferred to the Jackson VA Hospital with a diagnosis of 
ruptured spleen. On admission he was found to be of slender 
build and in moderate distress with abdominal distention. There 
was moderate generalized abdominal tenderness but no rebound. 
Blood pressure was 190/110; pulse, 120/minute and regular. 
Sclerae were icteric. Chest X-ray was unremarkable and ab- 
dominal films showed findings consistent with moderate adyramic 
ileus. Admission laboratory findings included a hemoglobm of 
7.1; bilirubin, 5.1; SGOT, 450; and alkaline phosphatase 21. 
An abdominal tap recovered bile-stained blood. 

A laparotomy through a midline incision was performed on 
the day of admission. There was 1500-2000 cc of bile-stained 
blood in the peritoneal cavity. No inflammation was evident. 
Careful exploration revealed no obvious injury to the raajor 
viscera, but bile could be seen draining from the area adjacent 
to the proximal duodenum. The head of the pancreas showed 
minor contusions. Further exploration in this area revealed om- 
plete transection of the common bile duct; the distal end could 
not be found. A small portal tributary was bleeding, but the 
hepatic artery and portal vein were intact. Mobilization of the 
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duodenum revealed no duodenal injury. The common bile duct 
was 4-5 mm wide, and the end of the proximal stump appeared 
devitalized. In view of this and the small size of the common 
bile duct, it was elected to do a Roux-en-Y cholecystojejunostomy 
and ligate the proximal common bile duct stump. This was 
accomplished without difficulty, and a good flow of bile into 
the gallbladder from the common bile duct was noted. No 
further search for the distal common bile duct was made. Pen- 
rose drains and a sump drain were placed in the area of injury 
and the abdomen was closed. 

The postoperative course was clinically benign, but an in- 
creased serum amylase (up to 2500) and a low-grade temperature. 
persisted during the first week. He also had a small amount of | 
bile-stained drainage with a high amylase content from his Pen- 
rose drain beginning on the 10th postoperative day and con- 
tinuing about a week. As the drainage diminished, the serum 
amylase returned to normal. Bilirubin level returned to normal 
a few days after surgery and remained normal throughout his 
hospital stay. He was discharged on the 35th postoperative day. 
When seen in the clinic two months later, he was found to be 
in good health, claiming a good appetite and showing a weight 
gain. 


Discussion 


Injury to the extrahepatic biliary tree secondary to 
blunt nonpenetrating trauma is uncommon; isolated tran- 
section of the common bile duct is especially rare. De- 
spite its rarity, the unusual features associated with this 
entity have attracted attention in surgical literature from 
early times. Battle! and Spencer?” each reported a case 
in the end of the last century. Both cases were treated ~ 
with drainage alone with a fatal outcome in each in- 
stance. Only 18 cases of isolated transection of the com- 
mon bile duct have been reported since 1950. A réview 
of these reports readily reveals several unique features 
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characteristic to the lesion which qualify it as a rare but vw, 
distinctive lesion of abdominal trauma. A f 


Blunt trauma to the abdomen resulting in isolated 
injury to the common duct has been produced by a 
variety of causes; e. g, blows to the abdomen, being 
“run over” by vehicles, and more recently, cases 
trauma from steering wheels and a seat belt injury.” 
Experimental efforts toward elucidating the cause uti- 
lized goat biliary tracts and application of air pressure 
to the systems. These investigators’ were unable to rup- 
ture the ducts with up to 750 pounds-per-square-inch 
pressure and concluded that the combination of increased 
pressure in the biliary tree (especially the gallbladder) 
from external pressure, a wide open cystic duct allowing 
rapid egress of bile, and shearing force on the common 
duct were important factors. The fact that two cases of 
common bile duct injury after cholecystectomy???? have 
been reported somewhat diminishes the importance of 
compression of the gallbladder as a major causative 
factor. The shearing force with the main stress exerted 
at the fixed point where the duct enters the pancreas 
seems to be far more important. In the majority of cases 
reported, including the present one, the site of injury to 
the duct has been at this location (Fig. 1). Some au- 
thors*?! feel that direct trauma to the common duct 
applied against the unyielding vertebral bodies is a 
major factor, but the common duct is paravertebral in 
location, lying against the posterior abdominal wall mus- 
culature. Spitz?$ has presented a case which he believes 
is secondary to "seat belt trauma." There is no concrete 
explanation as to why the hepatic artery and portal vein 
are spared in almost all instances. Moffatt!” and Rydell*4 
have postulated that its elasticity and tortuous course 
spares the hepatic artery and that the portal vein is 
seldom implicated because its absence of valves allows 
rapid emptying and because it has increased elasticity 
over the common bile duct. Nevertheless, the sparing of 
these structures, especially the portal vein, is difficult to 
explain if shearing force is an important mechanism of 
injury. Thus, it is apparent that the exact mechanism of 
injury is unsettled. Perhaps a combination of the several 
factors discussed comes to play, with a shearing force 
causing the common bile duct to tear at the point where 
it becomes fixed as it enters the pancreas being most 
important. In any event, it is at this point that most 
transections occur. 

The clinical picture of isolated bile duct transection is 
characteristic. The typical history, of which our case is 
an example, consists of a crushing abdominal injury fol- 
lowed usually by a transient period of shock which may 
be mild. The patient may then remain remarkably 
stable until jaundice and abdominal distension due to 
bile ascites occur around the third day. This accounts for 
the frequent delay of several days, sometimes 3-4 weeks, 
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Fic. 1. Usual site of complete transection of common duct due 
to blunt trauma. 


and perhaps even months?! before a diagnosis is made 
and treatment instituted. In the presence of coincident 
injury to other organs such as the duodenum,???!?? the 
diagnosis is usually made during exploration. When ex- 
ploration is delayed, nausea and vomiting, anorexia and 
a low-grade fever become apparent with onset of jaun- 
dice and ascites. Peritoneal findings, such as severe pain 
and abdominal rigidity, are usually absent. A very useful 
diagnostic test is the abdominal tap, as the recovery of a 
bilious fluid indicates biliary trauma?:1!6 and the need 
for exploration. This was positive in the present case. 
Taps may be falsely negative in the face ‘of bilitary tract 
injury early in the clinical course? because of the absence 
of accumulated bile in the free peritoneal cavity when 
injury is very recent. Laboratory tests are not helpful 
initially, but elevated bilirubin is detectable if there is 
delay in diagnosis. 

At surgical exploration, the presence of free bile in the 
peritoneal cavity alerts the surgeon to explore the portal 
triad area. Mobilization of the duodenum using the 
method of Kocher and examination of the pancreas are 
necessary to rule out concommitant injury to these struc- 
tures. The injury to the common bile duct may be easily 
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TABLE 1. Locaiton of Distal End of CBD in 16 Case: 


Found without duodenotomy or extensive dissection 
Found only after duodenotomy 
Distal end not found (including present case) 


Un om N 


detected or may require careful dissection. Even when a 
large quantity of bile has been in the abdominal cavity 
for some days, there is very little inflammation and “bile 
peritonitis" is not seen. This is in keeping with the con- 
cept that bacterial contamination in addition tc bile 
leakage is necessary to cause “bile peritonitis.” If ex- 
ploration is undertaken early,!* there may only be a bile- 
stained hematoma in the portahepatis. This type of injury 
is easily overlooked with invariably disastrous sequelae. 
Thorough exploration of the portal triad and duodenal 
area is mandatory in cases where laparotomy is per- 
formed for blunt abdominal trauma. When bile duct 
injury is suspected but not immediately obvious, opera- 
tive cholangiography (usually via the gallbladder) may 
be of value in exposing the injury. 

The tear is almost always at the junction of the bile 
duct with the pancreas; 12 of 14 cases reported by 
Dobbie* occurred at that point. In eight of 15 reported 
cases of common bile duct transection, the distal cu- end 
of the duct either was not found9:??2.31 or was found only 
after duodenotomy and retrograde cannulization oz the 
ampulla of Vatert?*?939 (Table 1). In almost all in- 
stances where the distal portion of the duct was either 
not found or was simply left alone with drainage, no 
serious complications ensued. In two instances, including 
the present, where the distal duct was not found, there 
was a transient increase in serum amylase but no perma- 
nent fistula or pseudocyst developed. The increased 
serum amylase could be attributed to either coincident 
pancreatic contusion or a transient leak of pancreatic 
secretions from the distal stump. It seems unnecessary 
to make a prolonged search for the distal end of the duct 
if it cannot be readily found and ligated. In the same 
context, a duodenotomy for locating the distal end oz the 
duct appears unwarranted because of increased risk with 
little additional benefit to the patient. 
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Complete transection of the common bile duct has 
been managed by a wide variety of surgical procedures 
(Table 2) including simple drainage, cholecystostomy , 
and ligation of common bile duct, choledochoduodenos- 
tomy, choledochojejunostomy, cholecystojejunostomy, and 
reconstruction over a T-tube. 

Many of the above procedures have the potential for 
serious complications but, fortunately, among published 
reports, complications have been either infrequent or 
inconsequential. Irrespective of the type of repair the 
majority of the reported cases appear to have done well. 
If both ends of the disrupted common duct can be identi” 
fied, an end-to-end repair over a T-tube is the preférred 
method of reconstruction; however, stenosis at the su- 
ture line is likely to follow if the duct ends are devital- 
ized or if the anastomosis is under tension. Among six ^ 
cases of end-to-end repair reported in the literature, two 
cases resulted in subsequent stenosis of the duct. Because 
the transected ends of the duct are likely to be devital- 
ized as a result of blunt injury and any significant sacri- 
fice of duct tissue is likely to place tension on the anasto- 
mosis, it would seem that a biliary enteric anastomosis is 
a better method of biliary restitution in the majority of 
instances. Rydell,” and others?9:1920-?? prefer a choledo- 
choduodenostomy for the reconstruction of the biliary 
tree. While technically simpler than an end-to-end anas- 
tomosis of the duct, this procedure is not without com- 
plications. Disruption of the anastomosis is likely to result 
in a side duodenal fistula—a most difficult enteric fistula 
to manage. Two instances of choledochojejunostomy 
have been reported in the literature following common 
duct transection.?? Unlike the situation in obstructive 
jaundice where the duct is enlarged, this anastomosis is ` 
technically difficult in common duct transection where 
the caliber of the duct is often smaller than normal due 
to reduced intraductal pressure. Considering these dif- 
ficulties with choledochoenteric anastomosis, it is our 
opinion that a cholecystoenterostomy is the preferred 
method of biliary tract reconstitution in common duct 
transections. The latter anastomosis is technically simple 
and executed expeditiously. However, it is necessary to 





TABLE 2. Management oy Isolated CBD Transection in Literature 
No. of 
Procedure Authors Cases Significant Complications 
Choledochoduodenostomy Mast,!* Sturmer, Dorton,* Moffatt,! 7 (1) Pyloric obstruction— 
Rydell,” Parzinson,? Caro? Cholecystojejunostomy and 
Gastrojejunostomy done! 
Choledochojejunostomy Hinshaw,? W aldhausen?! 2 None 
Cholecystojejunostomy Spitz,?? Stewzrt,?$ present case 3 None 
Reconstruction over T-tube Gross,? Mohardt,!8 Donald,* Tolins,?? 6 (2) Stricture of the CBD®!8 
Fletcher," Doobie! 
Drainage alone Battle,! Spencer,?5 Porter?? 3 (3) Died g 
Cholecystostomy and ligation of CBD Lee! 1 (1) Died 
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exclude disease of the gallbladder, congenital anomalies, 
and trauma to the gallbladder and cystic duct before 
undertaking the anastomosis. A long intramural course 
of the cystic duct (Fig. 2) is a commonly encountered 
anomaly. An operative cholangiogram or visual confirma- 
tion of retrograde regurgitation of bile from the common 
duct into the gallbladder after placing a bulldog clamp 
qver the common duct at the proposed site of ligature 
insures a patent biliary tract reconstitution. A Roux-en-Y 
loop is preferred in young patients, but where speed is 
essential, a loop cholecystoenterostomy is equally satis- 
factory. An enteroenterostomy to provide for diversion 
of chyme is essential. The biliary-enteric anastomosis is 
minimally inverted to provide for a wide anastomosis. 
Most instances of ascending cholangitis are invariably 
associated with a strictured biliary enteric anastomosis. 
When a cholecystoenteric anastomosis is impossible due 
to any of the several reasons cited, a choledochoenteros- 
tomy, preferably to a defunctionalized Roux-en-Y loop 
is the next most desirable method of choice. A concom- 
mitant cholecystectomy should be done under these 
circumstances to forestall future cholecystitis due to sta- 
sjs.1012.17.19 The stasis cholecystitis seen with choledo- 
choenteric anastomosis has been attributed to a reduction 
in duct pressure due to bypass of the ampulla of Vater 
by the anastomosis. 


Summary and Conclusions 


A case of complete transection of the common bile 
duct secondary to blunt trauma is presented with a re- 
view of related literature. This is a rare lesion, but a 
cumulative review of the reported cases warrants several 
conclusions. 

l. The common duct injury is usually located at the 
point where the common bile duct enters the pancreas. 
The portal vein and hepatic artery are usually spared. 
The exact mechanism of injury is not certain. 

2. If the injury is isolated, diagnosis may be difficult 
and exploration delayed. The clinical picture is remark- 
ably uniform. Diagnosis at laparotomy is usually easy 
unless the patient is being operated on soon after the 
injury, when close examination of the portal triad is 
important for detecting the injury. 

3. In a significant number of cases the distal end of 
the severed common bile duct could not be found. No 
apparent problems arise if the distal end of the duct is 
simply left alone; therefore, duodenotomy and retrograde 
cannulization of the ampulla to find the distal duct are 
probably not justified. 

4. If the distal end of the common bile duct can be 
easily located and if the ends are not exceptionally trau- 
matized, end-to-end anastomosis over a T-tube is a satis- 
factory way of treating the injury. 

. 9. Several types of biliary enteric anastomosis have 
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Fic. 2. Long intramural course of cystic duct along common 
duct. Cholecystoenteric anastomosis in such instances would fail 
to function. 


been used satisfactorily. There should be no hesitation to 
employ them if the distal duct cannot be found or there 
is excessive trauma to the duct. In our opinion, chole- 
cystoenterostomy is the procedure of choice. Provision 
for short-circuiting chyme should be considered in such 
anastomosis. | 

6. If a choledochoenterostomy is done, the gallbladder 
should probably be removed at the same time since there 
is the likelihood that it will become diseased due to stasis. 
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Total Intravenous Feeding of Infants and Children 
without the Use of a Central Venous Catheter 


HE INTRODUCIION OF PARENTERAL NUTRITION during 
la past few years has significantly improved the 
prognosis of infants and children with major abnormali- 
ties in which use of the gastrointestinal tract has been 
precluded for extended periods of time.^2:6/7.9.10.12 The 
fact that intravenous feeding will promote normal or 
near normal weight gain in infants with complex con- 
genital anomalies has allowed the physician and surgeon 
much greater latitude in the management of these con- 
ditions. The currently employed techniques in the 
United States involve the administration of a hypertonic 
glucose solution and an amino acid source through a 
central venous catheter. This program has been success- 
fully employed in both adults and infants; however, a 


. number of complications related to this technique have 


been reported.! The two major complications of sepsis and 
superior vena caval thrombosis appear to result from the 
use of the central venous catheter. Recently, Borresen, 
Coran, and Knutrud have introduced a new technique 
for the intravenous feeding of infants; the program in- 
volves the administration of fat and protein solely through 
peripheral veins.?* The complication rate among 32 neo- 
nates was virtually zero. To further evaluate this pro- 
gram, the following study was carried out. 


Materials and Methods 


During the period March, 1972 to March, 1973, 31 
infants and children were fed intravenously with the 





Submitted for publication June 9, 1973. 

* Head Physician, Pediatric Surgery, Los Angeles County-USC 
Medical Center, Attending Surgeon, Childrens Hospital of Los 
Angeles, and Assistant Professor of Surgery, USC Medical School, 
Los Ángeles, California. 

Reprint requests: Arnold G. Coran, M.D., Children's Unit, 
Pediatric Pavilion, Los Angeles County-USC Medical Center, 


, 1129 North State Street, Los Angeles, California 90033. 


445 


ARNOLD G. CORAN, M.D.* 


From the Pediatric Surgical Service, Los Angeles 
County-USC Medical Center, the Department of Surgery, 
Children's Hospital of Los Angeles, and the Department 
of Surgery, USC Medical School, Los Angeles, California 


program outlined below. The ages ranged from one day 
to 16 years; there were 21 males and 10 females. The 
duration of parenteral feeding ranged from 5 to 205 
days (Table 1). The indications for initiation of hyper- 
alimentation were those adhered to in most pediatric 
surgical centers. The various diagnoses encountered are 
listed in Table 1. 

The infusate consists of two separate bottles; one bot- 
tle contains only the fat emulsion, Intralipid,” and the 
other bottle contains the amino acids, glucose, electro- 
lytes, vitamins, and heparin. Tables 2 and 3 list the 
infusate contents for infants and children, respectively. 
The dosage schedule listed in Table 2 is for infants up 
to one year of age. In patients older than one year, the 
program in Table 3 is utilized. The total number of cal- 
ories administered can be increased by infusing more fat 
(up to 5 gms/kg body weight) and/or more 10% glucose. 
The bottle containing the amino acids is prepared asepti- 
cally under a laminar flow hood in the hospital phar- 
macy. Trace elements are provided by periodic transfu- 
sions of blood; iron requirements are met by weekly 
intramuscular injections of iron dextran. 

The technique of infusion is depicted in Fig. 1. In 
infants, a 21 to 23 gauge scalp vein needle (sometimes 
even a 25 gauge needle) is inserted into a peripheral 
vein, usually in the scalp, and the intravenous tubing 
from the bottle containing the amino acids is connected 


* Manufactured by Vitrum, Co., Stockholm, Sweden and kindly 


supplied by Cutter Laboratories, Berkeley, California. 
t The tiny doses of heparin are used to aid in the clearing 
of the triglycerides from the bloodstream. i 
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TABLE 1. Total Iniravenous Nutrition with Intralipid 
No. of Days of 
Patient Age Diagnosis IV Nutrition Initial Weight Final Weight Complications 
1. E.W. 3 mos Short bowel syndrome 85 8 lbs. 2 oz. 10 Ibs. 11 oz. None 
2. A. T. 1 wk. Jejunal atresia 12 5 Ibs. 2 oz. 5 Ibs. 4 oz. None 
3. M.B. 14 yrs Burn 6 78 Ibs. 78 Ibs. None 
4, S.S. 3 mos Chronic diarrhea 9 5 Ibs. 12 oz. 6 ibs. 11 oz. None 
5. B.M. 2 wks Necrotizing 8 2 Ibs. 8 oz. 2 Ibs. 13 oz. None 
enterocolitis , 
6. Z.S, 1 wk. Necrotizing 12 2 lbs. 3 oz. 3lbs. 1 oz. None 
enterocolitis 
T T.N. 3 mos Chronic diarrhea 28 5 lbs. 8 oz. 7 Ibs. 5 oz. None 
8. B.Y. 1 wk. Necrotizing 26 2 Ibs. 3 lbs. 2 oz. None 
enterocolitis 
9. S.O. {1 yrs Gastric fistula 33 62 Ibs. 70 Ibs. None a 
10. E.W.* 7 mos Short bowel syndrome 63 8 Ibs. 15 oz. 9 Ibs. 14 oz. None 
11. L. M. 6 wks. Chronic diarrhea 16 5 Ibs. 7 oz. 6 lbs. 1 oz. None 
12. J.C. 3 days Volvulus 7 4 lbs. 1 oz. 5 Ibs. None 
13. C.S, 7 wks Pyloric stenosis 5 8 lbs. 7 oz. 8 Ibs. 14 oz. None 
14. S.S. 6 yrs. Small bowel fistula 26 37 Ibs. 44 lbs. 2 oz. None 
15. B.H. 1 wk. Gastroschisis 21 4 lbs. 4 lbs. 13 oz. None 
16. G.J. 16 yrs Duodenal obstruction 8 112 Ibs. 116 Ibs. 10 oz. None 
17. E.W.t 10 mos Short bowel syndrome 57 8 lbs. 6 oz. 12 Ibs. 5 oz. Hepatomegaly 
18. H.H. 12 yrs. Duodenal obstruction 6 116 lbs. 10 oz. — None 
19. S. D. 5 yrs. Duodenal fistula 20 28 lbs. 14 oz. 29 Ibs. 11 oz. None 
20. B.H. 1 wk. Necrotizing 11 2 lbs. 14 oz. 3lbs. 5 oz. None 
enterocolitis 
21. B. W. 1 day Omphalocele 26 5 lbs. 11 oz. 61bs. 8 oz. None 
22. M. M. 8 wks Small bowel 12 4 Ibs. 13 oz. 5 Ibs. 6 oz. None 
obstruction 
23. E.W. 4 yrs. Burn and stress ulcer 9 30 Ibs. 32 lbs. None 
24. R.B. 3 mos. Volvulus 32 6 lbs. 12 oz. 7 Ibs. 1 oz. None 
25. B.G. 6 days Duodenal stenosis 42 4 Ibs. 6 oz. 5 Ibs. 14 oz None 
26. B.S. 1 day Gastroschisis 45 4 lbs. 13 oz. 5 lbs. 7 oz. None 
27. B.S, 1 mo, Necrotizing 30 2 Ibs. 12 oz. 3 lbs. 6 oz. None 
enterocolitis 
28. R. M. 14 yrs. Regional enteritis 10 54 lbs. 6 oz. 56 lbs. 12 oz. None 
29. B.G. 1 wk. Jejunal atresia 18 4 lbs. 12 oz. Slbs. 5 oz. Anemia 
30. B.F, 3 days Gastroschisis 28 4 lbs. 3 oz. 5 lbs. 1 oz. None 
3l. E-P: 15 yrs. Ileal fistula 29 98 Ibs. 13 oz. 104 Ibs. 5 oz. None 
32.. CC. 5 days Omphalocele 22 3 ibs. 3 oz. 4 Ibs. 3 oz. None 
33. R. M.* 14 yrs. Regional enteritis 30 56 Ibs. 14 oz. 59 Ibs. None 
34. B. S.* 3 mos Ileal fistula 27 5 lbs. 7 ibs. 7 oz. None 
35. 4,9. 12 days Jejunal atresia 27 4 ibs. 10$ oz. 6 lbs. 3 oz. None 


* Second period of hyperalimentation. 


T Third period of hyperalimentation. 
f Patient was in a spica cast and could not be weighed. 


to this needle. The tubing from the Intralipid bottle is 
then inserted into the rubber nipple at the end of the 
tubing from the first bottle (i.e. “piggybacked”) and is 
secured to this tubing with tape. A calibrated burette is 
placed in each intravenous line and both bottles are 
infused over a 24 hour period using two separate coa- 
stant infusion pumps (Ivac*). The 24 hour infusion wizh 
two separate pumps is employed to insure proper utiliza- 
tion of the administered fat, glucose, and amino acics. 
No filters are used in the line. No central venous cathz- 
ters were inserted. On a few occasions, a peripheral 
venous catheter, inserted at the time of surgery, was 
utilized for the first few postoperative days and was then 
removed and replaced with a needle. The needle usually 





* Manufactured by Ivac Corporation, San Diego, Californ a. 


requires changing every three to four days because of 
infiltration. In children, the same technique is used ex- 
cept that the dorsum of the hand rather than the scalp 
is used. 

All infants and most of the children were managed in 
an intensive care unit. The patients were followed closely 
clinically and biochemically with daily weights, accurate 
daily intake and output charts, daily urinary sugar mea- 
surements, and frequent determinations of blood sugar 
and serum electrolytes. A complete blood count was 
done at least once a week with particular attention paid 
to the number and appearance of the platelets on smear. 
If any platelet abnormality was noted,:a quantitative 
platelet count was performed. Serum bilirubin, SGOT, 
and alkaline phosphatase were done weekly or more 
often if indicated. One infant with gastroschisis (B.S.), 
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Taste 2. Protocol for the Total Intravenous Feeding of Infants 





Volume Amount 
(mls/kg body  (gms/kg body 
Constituent wt/24 hrs) wt/24 hrs) Calories 
10% Intralipid 40 4 44 
5% Amigen* in 
5% glucose 80 4 (protein) 32 
10% Glucose 30 3 12 
Heparin 150 LU. 
Total Volume 150 
Total Calories 88 
Electrolyte and Vitamin Contents / Later 
Sodium 43.0 
: Potassium 46.0 
Calcium 10.5 
Magnesium 6.0 
Chloride 67.0 
Phosphate 29.0 
Multivitamin Infusion (MVI)T 1.7 ml 
Folic Acid 1.5 mg 
Aqua Mephyton 1.0 mg 
Vitamin Bi; 10.0 mcgm 


* Manufactured by McGaw Laboratories, Glendale, California. 


The crystalline amino acid solution, Fre-Amine, can be used instead 
of the protein hydrolysate, Amigen. 

] U.S. Vitamin and Pharmaceutical Corporation, New York, 
New York. 


underwent extensive metabolic balance studies for a pe- 
riod of 38 days. Urine and gastric potassium was mea- 
sured by flame emission photometry and nitrogen was 
determined by the semi-micro Kjeldahl technique. 

Àn informed consent was signed by the parents of all 
patients prior to the initiation of Intralipid therapy. 


Results 


Three infants (B.M., Z.S., and B.Y.) died of their 
underlying disease (necrotizing enterocolitis) while on 
hyperalimentation. These three deaths did not appear to 
be related to the intravenous feeding program. Two 
other infants (B.S. and E.W.) died several weeks to 
several months after the cessation of parenteral nutri- 
tion (B.S. from peritonitis and E. W. from pneumonia), 
Each patient demonstrated a weight gain during the 
period of observation except for M.B., a 14-year-old male 
with a large third degree burn; he maintained his weight 
during six days of hyperalimentation. No complications 
directly related to hyperalimentation were noted in this 
group; in two patients two complications occurred which 
may or may not have been related to intravenous feed- 
ing. E.W. developed hepatomegaly and fever after 200 
days of hyperalimentation; liver function tests were ab- 
normal but they had shown abnormalities prior to the 
initiation of intravenous feeding. Blood cultures were 
sterile on several occasions. One week after the cessation 
of intravenous feeding, the fever had disappeared, the 
liver was no longer palpable, and the liver function tests 
nad returned to the pre-intravenous feeding levels. A 
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TABLE 3. Protocol for the Total Intravenous Feeding of Children 
Volume Amount 
(mls/kg body (gms/kg body 
Constituent wt/24 hrs) wt/24 hrs) Calories 

10% Intralipid 30 3 33 
5% Amigen in 5% 

glucose 40 2 (protein) 16 
10% Glucose 30 3 12 
Total Volume 100 
Total Calories 61 


liver biopsy was done while the liver was enlarged and 
merely demonstrated fatty infiltration of the parenchymal 
cells. In all patients except E.W., liver function studies 
remained normal. B.G. developed an anemia after 18 
days of hyperalimentation; the hematocrit had fallen 
from 32% to 192. At this point the patient was starting 
to take oral feedings, so hyperalimentation was stopped. 
Evaluation of the anemia indicated that it was a hypo- 
chromic, microcytic anemia. Retrospective review of his 
record indicated that the infant had received no iron 
supplement during the period of intravenous feeding. In 
all patients except B.C., hematological studies were nor- 
mal except for an elevation of the relative eosinophil 
count. Six patients developed eosinophilia in the range 
of 10 to 372 on one or more occasions. Many of the pa- 
tients had eosinophil counts which were slightly ele- 
vated at 5% to 10%. No clinical manifestations of this 
eosinophilia were noted. Serum creatinine, blood urea 
nitrogen, and electrolyte concentrations remained in the 
normal range in all patients. 


AUC acids 
10 Glucose 
ins 


Vitarni 
Etectrolytes 
Heparin 





Fic. 1. Technique of intravenous feeding with Intralipid. In 
infants, a needle is inserted into the scalp; in older children, the 
veins on the dorsum of the hand are generally used. See text 


for details. 
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The infant B.S. was born with a gastroschisis which 
was treated by a multistaged procedure. He underwent 
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The third advantage of the present program is the more 
physiological supply of non-nitrogen calories. Infants ^ 
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infusion of Intralipid also supplies the essential fatty 
acids needed for normal growth and development. 

The development of hepatomegaly and fatty infiltra- 
tion of the liver in patient E.W. is not readily explain- 
able. The patient had significant liver abnormalities prior 
to the starting of hyperalimentation. The histological pic- 
ture in the liver was similar to that seen in malnourished 
infants. Two infants treated at this institution with con- 
ventional hyperalimentation for six months showed very 
similar histological findings at autopsy. Hallberg and co- 
workers have indicated that adult patients on Intralipid 

"develop a fat pigment infiltration of the Kupffer cells of 
the liver after one month of therapy.? This pigment dis- 
appears about one month after cessation of the Intralipid 
infusion. 


M^ The anemia which developed in infant B.C. was prob- 


ably secondary to iron deficiency since the patient had 
received no iron supplementation during hyperalimenta- 
tion. The type of anemia (microcytic and hypochromic) 
was consistent with this hypothesis. The Swedish workers 
have reported the development of mild anemia in adults 
on Intralipid.§ The observation of a mild eosinophilia in 
many of the patients and a marked rise in the eosinophil 
count in six children has not been previously reported. 
This may represent an allergic reaction to the Intralipid 
or to other constituents of the infusate. Since eosinophilia 
has not been reported in the past with various protein 
hydrolysates or crystalline amino acid solutions, it seems 
quite possible that this is a response to the fat infusion. 
Further studies are needed to elucidate this phenomenon. 


Summary 


~~ During a one-year period, 31 infants and children were 


fed intravenously with an infusate consisting of a com- 
mercial fat emulsion, amino acids, glucose, electrolytes, 
and vitamins. The duration of hyperalimentation ranged 
from 5 to 205 days. No central venous catheters were 
inserted and the solutions were generally administered 
through a needle in a peripheral vein. The indication for 
hyperalimentation was the inability to use the gastro- 
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intestinal tract for prolonged periods of time. All patients 
except one demonstrated a weight gain during the study 
period. No complications directly related to the feeding 
program were encountered. A mild to moderate eosino- 
philia occurred in a large number of the patients, but 
there were no adverse clinical manifestations of this. The 
advantages of this program over conventional hyper- 
alimentation regimens are discussed. 
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Chemotherapy in Pancreatic Carcinoma: 


5 Fluorouracil (5FU) and 1, 3 Bis-(2 Chlorethyl)-1-Nitrosourea (BCNU) 


JACOB LOKICH, M.D.,* PREM L. CHAWLA, M.D.,* JOHN BROOKS, M.D.,? 


ARCINOMA OF THE PANCREAS is presently rising in in- 
C cidence and surpassing gastric cancer as the fourth 
major cause of malignancy induced mortality,® and long- 
term survival or cure is achieved in less than 5% of pa- 
tients. Surgical therapy for this tumor is generally pallia- 
tive and radiotherapy is only marginally effective. 
Moertel, et al? utilizing the combined modalities of 
chemotherapy (5 Fluorouracil) and concomitant local 
radiotherapy were able to demonstrate a marginal pro- 
longation of survival. 

The clinical problem of pancreatic carcinoma relates 
to three specific areas: 1) the tumor is typically occult in 
presentation and is frequently locally disseminated at 
the time of diagnosis; 2) the anatomical location of the 
pancreas requires that surgical therapy be extensive and 
radiation therapy expose the contiguous sensitive gastro- 
intestinal mucosa and other organs to ionizing radia- 
tion; and 3) chemotherapeutic agents have generally 
been ineffective, with the exception of streptozotocin for 
insulinoma. | 

Recently Reitemeier, et al., utilized a combination of 5 
Fluorouracil (5FU) and 1,3 bis-(2 chlorethyl)-1-nitro- 
sourea (BCNU) in a randomized trial of patients with 
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gastrointestinal carcinoma and this experience has been 
expanded.^? A subsequent case report? suggested the 
possible cure of carcinoma of the pancreas with this com- 
bination of drugs. The present study is an extension of 
that singular experience to a series of 20 patients. 


Methods and Material 


A series of 20 consecutive patients seen between Sep- ` 


tember, 1970, and December, 1972, al] with the diagnosis 
of carcinoma of the pancreas, were referred to the Chil- 
dren’s Cancer Research Foundation for treatment, and 
the follow-up period extends through April, 1973. Six- 
teen of the 20 patients had a pathological diagnosis of 
ductal adenocarcinoma of the pancreas established prior 
to inclusion in the study. There were no instances of 
cystadenocarcinoma, islet cell carcinoma or squamous 
or sarcomatous lesions. In three patients a tissue diagnosis 
of malignancy was established by liver biopsy without a 
defined primary tumor site and without exploratory 
laparotomy. One patient did have an exploratory ab- 
dominal procedure with disseminated tumor observed 
visually in the pancreas but without pathologic confirma- 
tion. One of the three patients without laparotomy did 


yí 


i 


have distortion of the duodenal loop on radiographic | 


studies. 

Chemotherapy was generally administered as an out- 
patient in the manner previously reported.* 5-Fluoroura- 
cil (10 mg/kg/day) was administered intravenously on 
five consecutive days by bolus injection. BCNU was ad- 
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ministered by a 30-minute infusion, immediately follow- 
ing the 5-Fluorouracil and for the same five consecutive 
days at a dose of 40 mg/M?/day. Such five day courses 
were repeated at six to eight week intervals. 

Patients were evaluated eight weeks following initia- 
tion of therapy and classified as complete, partial, or 
stabilization. Complete response ( CR) represented total 
return to normal in liver scan, ultrasound examination, or 
palpable intra-abdominal disease. Partial response (PR) 
indicated a more than 50% regression of tumor as mea- 
sured by the area or volume of tumor. Stabilization of 
‘disease (SD) was defined as less than 50% response and/ 
or no evidence of progression of disease within three 
months of initiating therapy. Progression of disease while 


won therapy was designated no response (NR). 
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Patients dying within four weeks of therapy were not 
considered evaluable with regard to therapeutic effect, 
but toxicity was evaluated in all patients. 


Results 


Clinical Data 


The details of the 20 patients are presented in Table 1. 
Six of the 20 patients (302) were females and 18 of 20 
were Caucasian. The age range was 39 to 77 with a 
median of 62 years. A single patient had a previous 
history of chronic pancreatitis and only four of 20 had a 
previous history of alcoholism. 

Signs and symptoms at clinical presentation of disease 
were as follows: obstructive jaundice 7; hepatomegaly 
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10; abdominal pain 12; and diarrhea 2 patients. Diabetes 
mellitus was the presenting sign in one patient and was 
present in an asymptomatic state in an additional five 
patients. Weight loss of five to 60 pounds occurred in 18 
of 20 patients prior to diagnosis. Gastrointestinal obstruc- 
tion was present in three patients. 

The time from clinical onset to diagnosis varied from 
two to 12 months with a median of five months. 

Liver metastasis was present at the time of diagnosis 
in four patients (202) and metastasis beyond the ab- 
dominal cavity was evident in two patients. 

In three of 20 patients the diagnosis was made by 
closed liver biopsy and no operative procedure was un- 
dertaken. Surgical by pass procedure (of either the com- 
mon bile duct or the duodenum) was performed in seven 
patients. Total pancreatectomy was employed in three 
patients in two of whom it was staged in two procedures. 
Exploratory laparotomy with biopsy only (of liver, lymph 
node, or peritoneal implants) was performed in six pa- 
tients. | 

Three patients had prior chemotherapy; two with 5-FU 
as a single agent and one with a combination which in- 
cluded 5-FU. One patient had local radiotherapy for a 
subcutaneous metastasis. Institution of therapy was de- 
layed until the development of symptomatic disease or 
the appearance of measurable disease in four patients. 


Response 


Early death occurring less than four weeks from the 
initiation of 5-FU and BCNU therapy was observed in 


TABLE 1. Clinical Data and Pattern of Response in 20 Patients with Pancreatic Carcinoma 
Courses 
l of Survival 
Name Age Sex Operation Pathology therapy From Diagnosis From Treatment Response 
CC 44 M Total Pancreatectomy Well Differentiated 12 51+ 31+ CR 


Adenocarcinoma 


LH 70 M Closed Liver Biopsy Poorly Differentiated 3 9 9 PR 
Adenocarcinoma 
LE 54 F Exploratory and Biopsy Anaplastic 5 13 13 CR 
EM 72 F Closed Liver Biopsy Poorly Differentiated 3 7+ 7+ PR 
Adenocarcinoma 
AF 38 M Total Pancreatectomy Adenocarcinoma 5 12 12 SD 
MR 68 F Exploratory and Biopsy Poorly Differentiated 3$ 15 12 SD 
RG 56 M By Pass Poorly Differentiated 2 4+ 4+ SD 
AL 79 M Exploratory and Biopsy Undifferentiated 2 3+ 3+ SD 
FH 66 M By Pass Poorly Differentiated 2 3+ 3+ SD 
JM 52 M By Pass Adenocarcinoma 3 7 7 NR 
JB 65 M Exploratory Unknown 2 3+ 3+ NR 
HV 59 F Exploratory and Biopsy Mucin + Adeno- 1 4+ 4+ NR 
carcinoma 
DL 49 M By Pass Well Differentiated i 11 3 NR 
FB 52 M By Pass 1 8 3 weeks NR 
“KW 69 M Closed Liver Biopsy Adenocarcinoma 1 3 weeks 3 weeks NR 
CG 59 F Partial Pancreatectomy Well Differentiated 1 7 weeks 3 weeks NR 
NM 67 M  Exploratory Biopsy 3 7 7 NR 
NM 53 F Total Pancreatectomy Well Differentiated i 6 3 weeks NR 
Adenocarcinoma 
Jc 79 M By Pass Adenocarcinoma 1 1 4 weeks NR 
AP 47 M By Pass Poorly Differentiated 2 4 4 NR 
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five patients making them inevaluable with regard to 
therapeutic response. Two patients had complete regres- 
sion of all measurable disease (lasting 31+ and 13 
months) with confirmation by a second look operation in 
one. Partial regression was observed in two patients and 
persisted for 6-- and 3 months respectively. There was no 
response (NR) in six patients. 

The category of stabilization of disease (SD) included 
five patients in whom there was no progression of the 
tumor for three or more months and at post mortem (2/5 
patients) critical tumor mass was minimal. 


Survival 


Thirteen of 20 patients have died with a median sur- 
vival of five months. The median survival for the re- 
sponders (four patients) was 11 months; stabilized dis- 
ease (five patients) survival is not yet reached at 4 
months; and for nonresponders (6 patients) median sur- 
vival was four months. Five patients are inevaluable with 
regard to survival as noted previously. Relative survival 
for the four groups is indicated by bar graph in Fig. 1. 


Pathology 


Two patients had undifferentiated or anaplastic car- 
cinoma, six had poorly differentiated adenocarcinoma 
and 5 had well differentiated adenocarcinoma, the latter 
including two with mucin secretion. The remaining 6 
patients did not have Broders classification of differentia- 
tion applied to the pathologic interpretation. Three of the 
four responders had poorly differentiated or anaplastic 
tumors and five of the 11 nonresponders had well dif- 
ferentiated tumors with survival as indicated in Table 2 


Toxicity 


Toxicity related primarily to gastrointestinal manifesta- 
tions and myelosuppression. Gastrointestinal side effects 











TIME 


(months) 


Fic. 1. Median survival in relation to response to chemotherapy. 
Numbers within Bars represent months except for unevaluable 
group in which numbers indicate survival in weeks. Median 
survivals are indicated by length of bar. 
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TABLE 2. Response io 5-FU and BCNU in Relation to Pathologic 
Type 
. Response 
———————— Survival (months) 
Pathology CR P SDNR (Excluding non-responders) 
Well differentiated t — 1 7 31*, 12 
Poorly differentiated — 2 3 1 3t, 4t, 7+, 9.12 
Anaplastic 1 — 1 — $713 
See text for definition of CR, PR, SD, NR. * 


including mild nausea and occasional vomiting. were ob- 
served in approximately 50% of patients but did not pre- 
clude continuation of chemotherapy. 

Leukopenia occurred in 202 of patients with a T of 
1800/mm? at 14 days. Thrombocytopenia occurred in 


20% of patients with a nadir of 47000/mm at 14-28 days. ~w 


Cumulative toxicity as measured by the delayed ad- 
ministration of sequential courses of treatment was ob- 
served in only one patient. No infection or bleeding 
complications developed as a consequence of myelo- 
suppression. 


Discussion 


Pancreatic carcinoma is a chemotherapeutically re- 
sistant tumor. A recent review of the literature of single 
agent chemotherapy indicated a response rate to the anti- 
metabolite 5-FU of 28%.3 The nitrosoureas with the ex- 
ception of streptozotocin’? have been inactive. Alkylating 
agents other than the nitrosoureas have had an inade- 
quate trial in pancreatic carcinoma although mitomycin 
C has produced response rates comparable to 5-FU as a 
single agent.” 

The concept of combining chemotherapeutic agents is 
based on the theoretical consideration of utilizing multi- 
ple agents which affect the tumor cell at separate phases 
of the growth cycle and have different patterns of toxic- 
ity. Thus, potentiation of therapeutic effect and limita- 
tion of toxicity is achieved. The previously reported ex- 
perience of combined 5FU and BCNU indicated that the 
combination was subadditive in toxicity at 80 to 100% 
dosage administration for each agent and that responses 
with the combination were enhanced over single agent 
activity.* 

Our experience with the combination produced tumor 
regression in four of 20 patients (20%) and considering 
only the evaluable cases, there were 26% responders (four 
of 15). In addition, five patients had stabilization of dis- 
ease with lack of progression clinically for 3 to 12 months. 
Thus, a total of nine of 15 patients (60%) were clinically 
palliated by the application of combination chemo- 
therapy. 

In spite of the observed responses the median survival 
of the entire group was five months, which is comparable 
to the previous reports of five to 12 months in unselected 
patients. The responding group, however, had a longer 
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survival (11 months) compared to the nonresponders 
(four months), although the numbers of patients are too 
, small to be statistically significant. 

In summary, the combination of 5-Fluorouracil and 
BCNU appears to be effective in the palliation of pan- 
creatic cancer. The toxicity observed in the program was 
less than that observed with the same drugs as single 
agents and is hence subadditive. This experience war- 
rants the exploration of new drugs and dosage schedules. 
The interdigitation of radiotherapy with chemotherapy 
and surgery "could further be considered in the manage- 
"ment of carcinoma of the pancreas to increase survival 
as well as provide prolonged palliation. 
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Two-to-Three Day Intestinal Preservation Utilizing 


Hypothermic Pulsatile Perfusion: 


LUIS H. TOLEDO-PEREYRA, M.D., RICHARD L. SIMMONS, M.D.* 


HORT SEGMENTS OF SMALL INTESTINE have been suc- 
S cessfully stored without perfusion for 48 hours under 
hyperbaric and hypothermic conditions? and by perfusion 
with oxygenated blood for 18 hours.! The entire organ 
has been preserved for five hours by perfusion with 
Ringer's lactate solutions.?!? No systematic studies of in- 
testinal preservation have been carried out using those 
methods of hypothermic, pulsatile, bloodless perfusion 
which have been found to be so successful in renal pre- 
servation.” The present study was designed to define the 
effects on small bowel survival of hypothermic pulsatile 
perfusion with a bloodless perfusate and to determine 
reliable functional parameters of intestinal viability dur- 
ing storage. 


Methods 


Twenty adult mongrel dogs of both sexes weighing be- 
tween 15 and 24 kg were used as small bowel donors. 
They were anesthetized with sodium methohexital and 
maintained on halothane. The small intestine from the 
third portion of the duodenum to the ileocecal valve was 
resected with its mesenteric blood supply. The superior 
mesenteric artery was cannulated and the small intestine 
flushed with a cold (4°C) Ringer’s lactate solution con- 
taining heparin (10,000 U/L) and procaine (1 gm/L) 
until the venous effluent was clear. A catheter was in- 
serted into both ends of the intestine to drain the in- 
testinal secretions during perfusion. The small intestine 
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was then perfused from 48 to 72 hours (7°C, pH 7.4, pOs 
200 mmHg, pulse rate 60, initial pressure 60 mmHg) in 
the modified Mox-100 System (Fig.1).? Cryoprecipi- 
tated pooled canine plasma? containing Mg SO, (1 gm/ 
L), regular insulin (80 U/L), PSP indicator (12 mg/L), 
methylprednisolone (500 mg/L), ampicillin (1 gm/L) 
and kanamycin (1 gm/L) was used as perfusate. In four 
experiments, chloropromazine (25 mg/L) was added to 
the perfusate. The pressure was re-adjusted during the 
first hour if changes occurred, but no further adjustments 


were made. The small bowel output through the distal : 


ileum was monitored and fresh perfusate was added to 
maintain sufficient circulating volume. Pressure, flow, 
fluid loss, weight gain, enzymes (LDH, SGOT, B-glu- 
curonidase), electrolytes (Na, K), osmolarity, lactic acid, 
pH, pOs, oxygen consumption, oxygen delivery and vas- 
cular resistance were recorded at frequent intervals up 
to 72 hours. Total protein, globulin and electrolyte con- 
tent of the intestinal secretions were determined every 
six hours. 

The absorptive capacity of the small intestine during 
perfusion was measured by administering 10 gm of d- 
xylose dissolved in 100 ml of water into the cannulated 
proximal portion of the duodenum immediately after the 
start of perfusion and at 12, 24, 36, 48, 60 and 72 hours. 
D-xylose levels in the perfusate were determined at 15- 
30 minute intervals following intraluminal administra- 
tion. 

Following preservation for 48 hours (14 cases) to 72 
hours (six cases) the entire small intestine was trans- 
planted: orthotopically into an unrelated dog accofding 
to standard techniques. !5 Both donor and recipient 
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Smali Bowel Perfusion Preservation 
. Medified Minnesota Organ Perfusion System) 


Fic. 1. Schema of the Modified Minnesota Perfusion System. The 
gravity flow of perfusate comes from the open superior mesenteric 
vein and drains through the venous reservoir and static membrane 
oxygenator. The perfusate then circulates through arterial reser- 
voir, pulsatile pump, heat exchanger and bubble trap which gives 
flow to the superior mesenteric artery and a closed circuit is in- 
tegrated. 


dogs were maintained on a fluid diet for four days 
prior to surgery and they were treated orally with 
kanamycin (500 mg )and neomycin (1.0 gm) three times 
a day. Biopsy specimens were taken from the preserved 
small intestine after revascularization. Parenteral hyper- 
alimentation using Ringer's lactate containing dextrose 
(59 gm/L), albumin (12.5 gm/L), vitamin C (500 mg/L), 
vitamin B complex (2 ml/L) and calcium chloride (0.5 
gm/L) was given daily for one week in volumes of 0.5- 
1.5 L/day as required to maintain adequate clinical hy- 
dration. Chloramphenico(500 mgm/day )and kanamycin 


TABLE 1. 
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Flow Rate 


Time of perfusion 


(hours) (ml/min/gm) (mmHg) 
0 0.5 + 0.09 60 + 0.1 
2 0.5 + 0,08 S5 + 4.5 
6 0.5 + 0.05 55 + 4.2 
12 0.5 + 0.03 55 + 3.5 
18 0.5 + 0.04 55 + 4.2 
24 0.5 + 0.07 55 + 4.6 
30 0.45 + 0.05 55 + 2.6 
36 0.4 + 0.06 60 + 2.4 
48 0.4 + 0.07 60 + 8.5 
54 0.35 + 0.1 70 + 5.5 

* 60 0.25 + 0.12 75 + 8.0 
72 0.20 + 0.1 85 + 10.5 
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TABLE 2. Chemical Changes in Perfusate During Long Term Hypo- 
thermic, Bloodless, Pulsatile Perfuston of the Small Bowel 
(Mean Values + SE) 


— MÀ md 


Time of 

Perfusion Osmolarity Na+ K+ Lactic Acid 

(hours) (mOsm/L)* (mEq/L) (mEq/L)  (mg/100 mlt) 
0 285 + 10.5 1329443 4.2 «0.8 8 41.5 
2 287 46.5 137 43.7 4.0407 8.7 40.9 
6 283 27.2 138 3.0 4.1 60.5 8.5 1.0 
12 290 + 4.5 137430 43440.39 9240.5 
18 285 + 5.0 136429 42408 900.7 
24 282 + 8.5 138 +2.5 46406 9.22 1.3 
30 291 + 8.0 137 42.3 4241.0 9.4 40.9 
36 202 +10.5 139 --2.5 47&&12 95+0.8 
48 295 + 10.2 129447 5241.0 12.64 4.3 
54 305 + 12.0 129 --2.5 6.20.7 265+3.2 
60 305 + 6.5 1354.5 7.9 1.2 28 + 5.2 
72 310 + 18.5 131 45.2 9543.2 45 + 10.2 


————————M—————— (aas 


295 + 15 mOsm/L. 
0-20 mg/100 ml. 


* Normal values 
t Normal values 


(1 gm/day) were given for three days and then the 
dosage was cut in half for the next week. Oral feeding 
was begun by the seventh post-operative day. Postmor- 
tem examinations were performed in all cases. 


Results 


Physical Perfusion Changes (Table 1) 


There were few changes in flow rate, perfusion pres- 
sure or vascular resistance during the first 48 hours of 
perfusion. There was, however, a steady loss of pertusate 
into the bowel with a consequent organ weight gain. 
After 48 hours the resistance to perfusion rose rapidly 
with consequent rises in perfusion pressure and fall in 
flow rate ( Table 1). 


Changes in Perfusate (Table 2) 


The perfusate osmolarity did not exhibit statistically 
significant changes during the total length of the experi- 
ment, despite continuous slow increase during perfusion. 


Changes in Perfusion During Long Term Hypothermic, Bloodless, Pulsatile Perfusion of the Small Bowel (Mean Values + SE) 


————————— 





Vascular Resistance 
(dyne/sec/cm-*5 X 


Organ Weight 


Intestinal Secretions Gain (95 from 


10°) (L) Control) 
55 + 10.5 0 0 
55 + 12.5 0.2 40.1 4 4- 0.9 
58 + 12.5 0.5 40.1 8 41.2 
60 + 13.5 0.8 4 0.3 10 + 1.5 
58 + 11.5 1.10.2 1141.7 
60 + 12.8 1.2 40.85 13 42.5 
60 + 15.5 1.2 4- 0.6 1444.5 
63 + 15.5 1.8 40.5 17 «2.1 
64 + 18.5 2040.7 18 4- 0.8 
81 + 20.5 2.2 4 0.6 20 + 2.1 
85 + 15.5 2.8 4- 1.9 22 + 9.2 
110 + 19.5 23.8 4- 1.0 24 + 12.3 
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TanBLE 3. Enzyme Changes in Perfusate During Leng Term Hypo- 
thermic, Bloodless, Pulsatile Perfuston of the Small Bowel 


( Mean Values + SE) 
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Time of 


Perfusion LDH SGOT B-eluronidase 
Xo (hours) (Units/100 mlj* (Units/100 mil)? (Units/100 mi) 
0 35 + 15.5 25 + 10.5 75 + 15.5 
2 38 + 10.2 28 + 5.5 95 + 10.2 
6 40 + 8.5 30 + 4.5 100 4 8.5 
12 35 46.5 34 + 6.5 105 + 9.5 
18 45 + 10.5 35 + 8.5 100 + 15.0 
24 70 + 14.3 45 4: 6.5 108 - 10.2 
30 65 4- 15.2 46+ 5.3 110 + 8.7 
36 72 + 10.5 48 + 10.3 115 + 10.2 
48 75 x 25.0 § + 12.4 145 + 18.3 
54 200 + 13.5 175 + 8.5 148 + 20.5 
60 275 + 10.3 180 + 6.5 150 + 40.5 
72 235 + 25.5 185 + 25.5 150 + 35.5 


* Normal values = 40-80 U/100 ml. 
i Normal values = 0-40 U/100 ml. 
t Normal values = 80-120 U /100 ml. 


The sodium concentration in the perfusate was normal 
for the first 48 hours of perfusion, only falling slightly 
thereafter. The potassium concentration. rose rapidly 
after 48 hours. Lactic acid concentration was also stable 
for the first 48 hours, but became very high after that 
time ( Table 2). 
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Fic. 2. Perfusate d-xylose values after intraluminal administra- 


tion. Each line represents the pentose levels in the perfusate at 
various intervals after beginning of perfusion. 


ws, 








O © 0 hours perfusion 
12 hours perfusion 
A-——A 24 hours perfusion 
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[]——[] 48 hours perfusion 
W——8W 60 hours perfusion 
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TABLE 4. 
Term II ypothernmic, 


Chemical Changes in Intestinal Secretions During Long 
Bloodless, Pulsatile Perfusion of the Small Bowel 
( Mean Values + SE) 


lime of 





Perfusion Total Proteins Globulins Na+ K+ 

(hours)  (gm/100 mD (gm/100 mD (mEq/L) (mEq/L) 
6 0.9 + 0.3 0.4 4- 0.2 10 — 2.3 2.9 20.7 
12 2.1 40.9 12+0.5 20 = 9.7 4243.2 
24 4.5 + 1.2 3241.2 38+6.5 6.52 1.8 
36 6.7 4 1.0 4.5 40.9 47 + 8.5 4,541.2 
48 8.5 + 2.0 6341.5 67 +10.3 824+ 3.2 
60 10 + 5.2 7.9 + 5.2 70 +10.2 7.3 + 5.2 
22 12 + 3.2 10 + 2.4 7414.2 10624 4.2 


Enzyme Concentration within the Perfusate (Table 3) 
There was a gradual steady increase in LDH, SGOT, 


e» 
and B- glucuronidase concentration during the first 36 to 
48 bou of preservation. When the perfusion was pro- 
longed for longer periods of time, the enzyme lev 'els in 


the “perfusate increased markedly. 


D-xylose Absorption during Perfusion (Fig. 2) 


The absorption pattern of d-xylose from the lumen into 
the perfusate did not change during the first 48 hours 
of perservation. Longer periods of preservation allowed 
the d-xylose to rapidly enter the perfusate. 


Intestinal Secretations During Perfusion (Table 4) 


The volume of intestinal secretions increased gradually 
during perfusion as did the content of total protein, 
globulin, sodium and potassium. In particular the potas- 
sium concentration in the intestinal secretions incre ^ased 
markedly after 48 hours of perfusion. 


Oxygen Consumption, Delivery and pH Perfusion 


Changes (Table 5) 


The pH, pCO», A-V O, difference, oxygen delivery and 
consumption did not change during the first 36 hours of 
perfusion. From 36 to 48 hours a minimal decrease in all 
parameter was observed. After 48 hours, acidosis, hypo- 
capnia and low oxygen consumption became increasingly 
severe as perfusate flow decreased and vascular re- 
sistance rose. 


Changes after Transplantation 


Orthotopic intestinal allotransplantation was carried 
out in six intestines perfused for 72 hours. Immediately 
after revascularization there was gross evidence of serosal 
and mesenteric hemorrhage. There was no microscopic 
evidence of mucosal damage ee 3). These recipient 
dogs survived a mean of 24 - - 10.5 (SE) hours. Death 
was not apparently related to gross breakdown of the 
transplanted intestine. The animals died with mesenferic 
venous thrombosis, septicemia, mesenteric hemorrhage or 
ischemic necrotic bowel. . 
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TABLE 5. 


Time of Perfusion 
(hours) pH pCO» 
0 7.39 + 0.02 40 + 2.5 
2 7.38 + 0.01 39 + 1.2 
6 7.39 + 0.05 38 + 0.9 
12 7.38 + 0.09 38 + 1.1 
^ 18 7.38 + 0.07 38 + 1.7 
24 7.38 + 0.05 38 + 2.6 
30 7.37 + 0.09 37 + 2.0 
36 7.36 + 0.07 34 + 4.3 
48 7.36 + 0.1 32 + 3.6 
° 54 7.32 + 0.1 30 + 2.7 
» 60 7.30 + 0.09 25 4 4.5 
12 7.30 + 0.09 22 +44.5 


Intestinal transplantation was carried out after 48 hours 
of perfusion in 14 dogs. Immediately after revasculariza- 
tion, there were signs of active tone and peristalisis with 
erythema of the serosa, but no petechiae or hemorrhages 
in the mesentery. Biopsy revealed minimal interstitial in- 
flammation. These fourteen recipients survived a mean 
of 6.0 + 2.5 (SE) days, but died of peritonitis with 
sepsis, intestinal obstruction or venous thrombosis. Histo- 
logical study did not reveal clear cut evidence of re- 
jection (Fig. 4). 


Fic. 3. (X160) Micro- 
scopic changes following 
72 hour preservation and 
immediate transplanta- 
tion. Some edema of the 
submucosa is present but 
there is no perivascular 
lymphocytic infiltration. 
The mucosa is intact but 
there are some lympho- 
cytes and plasma cells in 
the mucosa itself. There 
are also dilated lymph- 


atics present. 


TWO-TO-THREE DAY INTESTINAL PRESERVATION 


SE 


457 


Metabolic Changes in Perfusate During Long Term Hypothermic Bloodless Pulsatile Perfusion of the Small Bowel (Mean Values + 


A-V O: Diff. O, Delivery O: Consumption 
(vol. %) (ml/min/gm) (ml/min/100 gm) 
40 + 3.5 1.0 +0.03 1.6 +0.08 
39 + 2.1 1.0 + .05 1.6 +0.06 
38 + 3.2 1.0 + 0.01 1.6 +0.09 
38 + 2.0 1.0 +0.07 1.55 + 0.07 
38 + 1.9 1.0 +0.09 1.55 + 0.05 
38 + 4.1 1.0 + 0.06 1.5 4 0.10 
37 + 4.5 0.98 + 0.08 1.5 + 0.09 
37 + 3.2 0.94 + 0.06 1.45 + 0.08 
36 + 8.5 0.94 + 0.09 1.4 2 0.25 
30 + 6.5 0.84 + 0.1 1.05 + 0.09 
25+9.5 0.75 + 0.09 1.00 + 0.25 
20 + 5.5 0.65+0.1 0.95 + 0.32 

Discussion 


Belzer and his associates? discovered that the success 
of long-term hypothermic pulsatile perfusion of the kid- 
ney depended on a low perfusate concentration of lipids 
and lipoproteins. When these substances were present in 
the perfusate an increase in vascular resistance with a con- 
sequent fall in perfusate flow occurred. Such substances 
can now be removed by cryoprecipitation of the plasma 
perfusate.? Twenty-four to 48 hour hypothermic pulsatile 
perfusion of kidneys using cryoprecipitated plasma is now 
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routine in most transplantation centers. The present 
studies demonstrate that the principles of renal preserva- 
tion apply as well to small intestinal preservation. Forty- 
eight hours of hypothermic pulsatile perfusion does not 
seem to severely impair metabolic function, or cause 
gross changes in the mesentery or intestine. When trans- 
planted the intestine survived an average of six days. 
Longer periods of perfusion (72 hours) are associated 
with changes in vascular resistance, decreased flow, poor 
oxygen consumption and chemical signs of cellular death. 
After transplantation the 72-hour grafts did not survive 
more than 24 additional hours. The failure of preserva- 
tion after 48 hours could be predicted by any of a num- 
ber of changes in the physical or chemical characteristics 
of the perfusate. The simplest test of viability, how- 
ever, appears to be the rise in perfusion pressure and 
decreased flow. This parameter has also been found to 
be the simplest and best parameter of organ viability 
in renal preservation studies as well.’ The presence of 
spontaneous contractions are of little value as indicator 
of viability. In preparations? with perfusates containing 
dog red blood cells, muscle activity was obtained when 
oxygen consumption ranged from only 0.26 to 0.44 ml/ 
100 gm per minute—just barely enough to keep the 
smooth muscle alive. Others*? studying serotonin release 
in isolated segments obtained similar results. 
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Ruiz and associates! found statistically significant de- 
crease in d-xylose absorption in small intestine preserved 
for 48 hours under hypothermia and hyperbaric oxygen. 
A delay in the start of absorption was observed in the 
preserved groups. This was related to the time it took the 
small intestine to achieve normothermia. We initially 
thought that d-xylose absorption from the lumen into the 
perfusate might be a good indicator of viability. The qp- 
posite effect was seen so that rapid appearance of xylose 
in the perfusate appeared to be an indicator of altered 
intestinal permeability. 


A number of problems remain. Despite the absence* 


of gross and microscopic signs typical of rejection, and 
in total absence of gross intestinal perforation, all dogs 
died in an average of seven days even when the perfusion 
was carried out for only 48 hours. The simplest explana- 
tion for death is the absorption of toxins from the dam- 
aged intestine. Thus, submicroscopic changes in the in- 
testinal viability must have occurred which, while not 
rendering the bowel immediately non-viable, ultimately 
led to the death of the recipient. The use of intestinal 
antiseptics were designed to reduce the absorption of 
endotoxins from the bowel until recovery of the trans- 
planted segment could occur. There are several factors, 
however, which interfere with the recovery of the bowel. 
The first is the lack of lymphatic drainage from the trans- 


Fic. 4. (x160) 
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Micro- 
scopic changes following 
preservation. 
The mucosa is intact and 
shows no inflammatory 
submu- 
no 
edema and no evidence 
of perivascular cuffing by 
inflammatory cells. The 
underlying muscle layers 
are intact except for some 
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planted small bowel. Ruiz and associates have shown 
that lymphatics regenerate poorly in allografted trans- 
planted bowel. The second factor is probably the early 


' changes of rejection which may further increase intestinal 


permeability. 

This failure to achieve longer survival suggests that a 
better test of viability and ultimate transplantability dur- 
ing perfusion might be the presence of endotoxin or other 
bacterial products within the perfusate. Sensitive tests for 
endotoxin are currently available? and the appearance of 
endotoxin in the perfusate might be a suitable warning 

«that the endotoxin has passed through the damaged small 
bowell wall. 

Whatever the best indicator of viability, the present 
model can serve as an excellent experimental model to 


X study the effects of various additives, new artificial per- 


d 


fusates, and to study newer methods designed to prolong 
viability in isolated preparations of intestine. For exam- 
ple, chloropromazine and methylprednisolone have been 
shown to extend the period of safe renal perfusion, but 
we noted no difference in intestinal preservation. Allo- 
purinol is another additive designed to increase the 
tolerance of preserved organs to ischemia. Allopurinol, 
other adrenergic blocking drugs," *!6 and plasma sub- 
stitutes are currently being investigated. 


Summary 


Canine small intestine was preserved by hypothermic 
pulsatile perfusion for periods up to 72 hours. All physi- 
cal and chemical studies represented acceptable param- 
eters of viability; the simplest test of viable bowel, how- 
ever, were changes in perfusion pressure and flow rate. 
Signs of organ distress during preservation did not occur 
until after 48 hours of perfusion. Recipients of 48 hours 
preserved bowel survived a mean of 6.0 + 2.5 (SE) days 
after transplantation. Signs of organ distress were ob- 
served after 48 hours and bowel transplanted after 72 
hours preservation did not survive longer than 24 hours. 
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Jejunoileal Bypass for Massive Obesity: 


Results and Complications in Fifty-Two Patients 


BESITY 1$ A SERIOUS HEALTH HAZARD predisposing to 
heart disease and other conditions with increased 


morbidity and mortality. Medical and psychiatric therapy. 


in massively obese patients has been only temporarily 
successful with rapid regain of weight after intensive 
therapy is discontinued.” Surgical bypass of a major part 
of the small bowel has been proposed and carried out 
in various centers. This procedure is still in the experi- 
mental stage and has been associated with significant 
morbidity. Bypassed patients may develop sévere, some- 
times fatal, electrolyte imbalance and have to be watched 
closely, especially during the first year. The long-range 
effects of this procedure are unknown, although initia! 
results show the procedure to have definite value in these 
patients. 

We are presenting a review of 52 patients who under- 
went jejunoileal bypass for morbid obesity in our in- 
stitution during the last five years to evaluate results 
and complications. The unusual findings were: 1) the 
development of megacolon in 3 patients, a condition 
. not reported before in jejunoileal bypassed patients, and 
2) recurrent urinary tract calculi in 5 bypassed patients. 


Materials and Methods 


Fifty-two patients underwent jejunoileal bypass in our 
institution between February 1967 and July 1972. There 
were 47 females and 5 males. Ages ranged from 22 to 
49 years, with the average age being 30 years. Table 1 
shows the weights above ideal before bypass. The ma- 
jority of the patients were 140 to 240 pounds above ideal 
weight. Only 9 patients were between 110 and 139 
pounds above ideal weight. Many presented one or 
more of the complications related to obesity; namely, 
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fatigue, back pain, exertional dyspnea, peripheral edema, 
hypertension, cardiovascular disease, diabetes, arthritis, 
liver disease and stasis dermatitis, 

The criteria for selection of patients for jejunoileal 
bypass were slight modifications of those used by Payne 
and DeWind:9 1) weight more than 100 pounds above 
ideal for longer than five years, 2) failure of medical and 
psychiatric therapy, 3) absence of correctable endo- 
crinopathy, and 4) assurance of patient's cooperation 
for prolonged follow-up visits. 

The operative procedure included a regular bowel-. 
preparation. Generally a transverse elliptical skin in- 
cision was made, with excision of the redundant fatty 
apron. In all 52 patients 14 inches of jejunum measured 
from the ligament of Treitz was anastomosed end-to- 
end to 4 inches of terminal ileum (Fig. 1). The proximal 
end of the bypassed small bowel was closed in two 
layers and fixed to the root of the transverse megacolon 
to prevent intussusception. The distal end of the by- 
passed small bowel was anastomosed to the caecum. | 
All measurements were made along the mesenteric 
border. The peritoneum was closed with No. 1 running 
chromic catgut, and the fascia with 00 interrupted silk. 
No. 4 silk retention sutures were used. The subcutaneous 
tissue was drained with hemovac drains. 


Results 


The average duration of hospitalization was 14 days." 
Seventy per cent of the patients had less than two weeks 
of hospitalization, and 142 stayed in the hospital for 
more than three weeks. ° 

There was a minimum of 30% and a maximum of 
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TABLE 1. Weights above Ideal bejore Jejunoileal Bypass 


(52 patients) 


No. Patients Above Ideal Weight (lbs) 
10 200—240 
11 180-199 
13 160-179 
9 140-159 
0 110-139 


48% loss of the preoperative body weight after bypass. 
The average was 39%. Table 2 shows the cumulative 
weight loss after jejunoileal bypass. There was an average 
of 45 pounds weight loss in the first three months, 70 
pounds in the first six months, and 95 pounds in the 
first twelve months after bypass. The body weight stabi- 
lized after 18 to 30 months post surgery. Three patients 
showed 15 to 30 pounds weight gain one to three years 
after their weight had stabilized. 

Table 3 shows the operative complications. There were 
12 minor and 6 major wound infections. Causative or- 
ganisms were mainly E. coli, Enterobacter and Klebsiella. 
There were 5 cases of atelectasis, 1 of pneumonia and 
3 of pulmonary embolism. One patient had pancreatitis 
with paralytic ileus. Another patient developed high- 


output enterocutaneous fistula nine days after bypass, for. 


which he was reoperated. Five days later he developed 
a massive fatal pulmonary embolism. This was the only 
operative death. 

Table 4 shows the delayed complications after jeju- 
noileal bypass. Sixteen patients developed incisional 
hernias. Twenty-two patients developed hepatocellular 
insufficiency as demonstrated by elevated liver enzymes, 
increased BSP retention and hepatomegaly. However, 





Fic. I, Pre-operative barium enema of one of the patients who 
developed megacolon after the bypass. 
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Cumulative Weight Loss after Jejunoileal Bypass 
(52 Patients) 


TABLE 2. 


Cumulative Weight Loss Average 

Time Post Surgery (lbs) (Ibs) 
3 months 30-80 45 

6 months 40-120 70 

12 months 60-170 95 

2 years 100-190 130 

3 years 100-190 135 

5 years 90-170 125 


these tests returned to normal 12 to 16 months after 
bypass. Liver biopsy performed three months after by- 
pass on 9 patients showed increased fatty metamorphosis, 
as compared to the biopsy taken at the time of bypass. 
A repeat liver biopsy taken on 4 patients 9 to 15 months 
after bypass showed marked improvement in liver archi- 
tecture. 

The majority of the patients had between 5 to 14 liquid 
bowel movements a day, for two to four months after 
bypass. This was adequately managed with antidiarrheal 
agents. After this period, antidiarrheal agents were not 
required in most patients. By avoiding fatty meals and 
fluids during meals, the patients had 2 to 5 semiformed 
bowel movements a day. However, 4 patients had in- 
tractable weight loss and diarrhea with severe electro- 
lyte imbalance and had to be partially refunctionalized. 

Two patients had intussusception and underwent cor- 
rective surgery. 

Three patients had huge dilatation of the colon about 
two years after bypass with distention, bloating, and con- 
siderable abdominal discomfort. Figs. 2 and 3 show the 
barium enema of one of these patients before and five 
years after bypass, respectively. The large dilated colon, 
an anatomic megacolon, is obvious. Fig. 4 shows the 
dilated colon photographed during repair of the pa- 
tient's incisional hernia. The development of megacolon 
is an unusual finding and to our knowledge has not been 
reported before on bypassed patients. 

Sixteen patients developed electrolyte imbalance in 
the form of hypocalcemia, hypokalemia and hypomag- 
nesemia. These were adequately managed by electrolyte 
supplements in all except five patients. Four had intrac- 


TABLE 3. Operative Complications after Jujunoileal Bypass 


(52 Patients) 





c 


Minor wound infection 
Major wound infection 
Atelectasis 

Pneumonia 

Pulmonary embolism 
Urinary tract infection 
Pancreatitis 

Ileus 

Entero-cutaneous fistula 
Death 
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TABLE 4. Delayed Complications after Jejunoileal Bypass 
(52 Patients) 

mM exe ee M ÁÀ 
[ncisional hernia 15 
Hepatocellular insufficiency 22 
Intractable diarrhea 
Intussusception 
Megacolon 
Nephrolithiasis 
Anal soreness 
Electrolyte imbalance l 
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table diarrhea, as mentioned earlier, and were partially 
refunctionalized. The fifth died of cardiac arrest, second- 
ary to severe hypokalemia of 1.4 mg %. 

Table 5 lists the patients with recurrent urinary tract 
calculi. The first patient developed urolithiasis four times 
and had three ureterolithotomies. The second patient 
had urolithiasis three times and required surgery once— 
a left pyelolithotomy. This patient on her last admission 
passed 15 stones of 2 to 5 mm in size within one week. 
The third patient had urolithiasis three times and had 
two ureterolithotomies. The fourth patient developed a 
bladder calculus and right ureteral calculus, for which 
he underwent cystotomy and right ureterolithotomy. 
The fifth patient developed right ureteral calculus thir- 
teen months after bypass. All stones were of the calcium 
oxalate type. 

Routine laboratory studies in these five patients were 


Fic. 2. Barium enema of the same patient as in Fig. 1, five 
vears after the bypass, showing the large dilated colon. 
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Fic. 3. Picture of the colon of the same patient as in Figs. 1 
and 2, taken during an incisional hernia repair, three years after 
the bypass. 


normal. The serum protein electrophoresis, calcium, phos- 
phorous, and uric acid were also normal. The 24-hour 
urine volume ranged from 1100 to 2300 cc. The 24-hour 
urinary excretion of calcium was normal in all five pa- 
tients. However, the 24-hour urine oxalic acid levels were 
markedly elevated in all, ranging from 54 mg. to 121 mg. 

Four patients had refunctionalization of variable seg- 


Urolithiasis aHer Jejunoileal Bypass 
(5 patients) 


TABLE 5. 





38 y. o. W. M.—Urolithiasis x 4-Lt., Rt., Lt. ureters 10, 17, 22 and 
29 months after bypass. 

29 y. o. W. F.—Urolithiasis x 3-Lt., Lt., Rt. ureters 5, 7 and 22 
months after bypass. The third time she passed 15 
stones of 2-5 mm. in size in one week. 

'. o. W. F.—Urolithiasis x 3-Rt., Lt., Rt. ureters 6, 10 and 26 
months after bypass. 

45 y. o. W. F.—Urolithiasis x 2-bladder and Rt. ureter 11 and 25 

months after bypass. 





44 y. o. W. F.—Urolithiasis once, Rt. upper ureter, 13 months 
after bypass. $ 
All stones were of the calcium oxalate type. d 
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ments of upper jejunum because of intractable diarrhea, 
excessive weight loss, severe electrolyte imbalance, hypo- 
proteinemia, and profound weakness (Table 6). The re- 


` functionalized segments were 24 inches, 20 inches, 12 


inches, and 9 inches respectively. These patients gained 
30 to 60 pounds, stabilized in weight, and lost all signs 
and symptoms after refunctionalization. 

There were 3 deaths in this series. One was an opera- 
tive death of a 41-year-old male who died of pulmonary 
embolism six days after his second operation, necessitated 
for closure of an enterocutaneous fistula that developed 
nine days after bypass. The second patient died of cardiac 
arrést secondary to severe hypokalemia of 1.4 mg%, 12 
months after bypass. This patient had not been coopera- 
tive and had not come for follow-up visits. The third 
patient died of liver failure secondary to hepatitis three 
months after bypass. The gastroenterology consultant 
felt that this was due to serum hepatitis. 

Twenty patients had hypertension before bypass. After 
bypass, 11 patients became normotensive and 8 showed 
improvement in their elevated blood pressure. 

Five patients had been diabetic. After bypass, 2 no 
longer required antidiabetic medication, and the dose 
of insulin was reduced in the other 3. — 

Forty-five patients formerly had hypercholesterolemia. 
The serum cholesterol levels dropped to a range of 90 
to 150 mg% after bypass. 


Discussion 


Surgical shunting of a major part of the small bowel 
as a treatment of morbid obesity is a relatively new pro- 
cedure. It has been generally condemned in the medical 
literature and. found promising in the surgical literature. 
The major benefit of the surgical treatment of obesity 
is that it offers a permanent and significant reduction in 
body weight? | 

The average weight loss after bypass in our series 
was 39% of the preoperative body weight. Body weight 
generally stabilizes 18 to 30 months after bypass. Subse- 
quent to weight stabilization, some patients may show 
weight gain, as demonstrated by 3 of our patients in 
Table 2, due to mucosal hyperplasia and elongation of 
the anastomosed segments.?: 

Wound infection and incisional hernia are encountered 
more frequently in these patients because of the large 
dead space in the subcutaneous tissue, and the weakened 
fascia from fatty infiltration. Hepatocellular insufficiency 


in the form of deranged liver enzymes, increased BSP 


retention, and hepatomegaly are common after jejunoileal 
bypass.».° Fatty infiltration of the liver, usually present 
in obese people, is increased after bypass. However, liver 
function usually returns to normal within one to two 
years)! as seen in our patients. 

, Diarrhea and electrolyte imbalance ‘during the first 
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TABLE 6. Reconstructive Surgery after Jejunoileal Bypass 
(4 patients) 
o. W. F.—Refunctionalized segment 24" Wt. gain 60 lbs, 
stabilized at 190 lbs. 
o. W. F.—Refunctionalized segment 20" Wt. gain 
stabilized at 180 lbs. 
40 y. o. W. F.—Refunctionalized segment 12" Wrt. gain 
stabilized at 150 lbs. 
29 y. o. W. F.—Refunctionalized segment 9" Wt. gain 30 Ibs. 3 
months after refunction. 


26 y. 


31 y. 50 Ibs. 


20 Ibs. 


few months after bypass was adequately managed with 
electrolyte supplements and antidiarrheal agents. Gen- 
erally, no antidiarrheal agents are required four months 
after bypass.” However, 4 of our patients had to be par- 
tially refunctionalized because of intractable weight loss 
and diarrhea. Reviewing the literature, no mention of 
the length of refunctionalized segment is made An 
attempt was made in our hospital to refunctionalize only 
small segments of bypassed bowel. The result was re- 
warding in that there was only modest weight gain 
(Table 6), with complete relief of the signs and symp- 
toms present before refunctionalization. 

An unusual and previously unreported finding has 
been the development of megacolon in 3 of our patients 
(Figs. 2 and 3). It is not clear why these patients de- 
veloped megacolon since they had no constipation after 
bypass. Their blood chemistries and protein electro- 
phoresis were normal. 

Another unusual finding has been the development of 
recurrent urinary tract calculi in 5 patients (Table 5). 
These patients had normal 24-hour urine calcium levels, 
but the 24-hour urine oxalic acid levels were markedly 
elevated. Smith et al? have recently described a syn- 
drome of acquired hyperoxaluria and urinary tract calculi 
in patients with ileal resection. The 5 patients with re- 
current urinary tract caleuli present a similar syndrome. 
It is not clear why these patients develop hyperoxaluria, 
but it appears to be related to deranged bile acid-glycine 
metabolism. Administration of cholestyramine will con- 
vert the oxaluria to normal? 

Other beneficial sequelae of small bowel bypass have 
been the improvement in the diabetic state, and relief of 
hypertension in those patients with these conditions. 
The fall of serum cholesterol levels is marked and dra- 
matic. One can only speculate on the significance of re- 
duced cholesterol levels. Buchwald* indicates that athero- 
matosis of the greater blood vessels is a reversible 
process. Improvement of angina and cerebrovascular 
symptoms with regression of xanthomata and xanthe- 
lasma have been observed after reduction of hypercho- 
lesterolemia. 

Despite the complications, the majority of our patients 
are happy with the results and enjoy better social, 
psychologic and economic adjustment. 
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You expect your preoperative patient to be somewhat anxious 
and apprehensive about the scheduled surgery. But in some cases, 
psychic tension reaches undesirable levels 
as the time for the procedure approaches. 
In such situations, 10 mg Injectable 
Valium (diazepam), administered I.M. an 
hour or two before the operation, can lessen 
€? m the undue anxiety and tension associated 
^ A with strange surroundings and disturbing : 
procedures. The calming effect is generally 
prompt and pronounced. What’s more, 








Valium (diazepam) can markedly reduce the 
patient’s recall of preoperative procedures. 
Injectable Valium seldom significantly 
alters vital signs. Nevertheless, there have been 
infrequent reports of hypotension and rare 
reports of apnea and cardiac arrest, usually 
following I.V. administration, especially in 
elderly or very ill patients 
and those with limited 
pulmonary reserve. 


Resuscitative facilities 
should be available. 













i 1 . 
Hh. d 


When given in conjunction with narcotics” eg" 
a reduction of narcotic dosage should be considered. fe 
(See prescribing information:) — 
Do not mix or dilute Injectable Valium 
with other drugs, solutions or fluids. 
The 10-mg disposable syringe 1s especially 
useful in this respect, since it provides 
a convenient method of using Valium and 
at the same time helps assure 
aseptic handling. 
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ctable Valium diazepam) 
E can ease the Way 


Before prescribing, please consult complete product information, 
a summary of which appears on the following page. 


Prior to surgery, to relieve excessive anxiety; additionally, 


may diminish recall 


Injectable Valium (diazepam) 


ready-to-use 2-ml Tel-E-Ject (disposable syringes) 
10-ml vials 


Before prescribing, please consult 
complete product information, a sum- 
mary of which follows: 

Indications: ‘Tension and anxiety 
states; somatic complaints which are con- 
comitants of emotional factors; psycho- 
neurotic states manifested by tension, 
anxiety, apprehension, fatigue, depressive 
symptoms or agitation; symptomatic re- 
lief of acute agitation, tremor, delirium 
tremens and hallucinosis due to acute al- 
cohol withdrawal; adjunctively in: relief 
of skeletal muscle spasm due to reflex 
spasm to local pathology; spasticity caused 
by upper motor neuron disorders; athe- 
tosis; stif-man syndrome; tetanus; status 
epilepticus and severe recurrent seizures; 
adjunctively in anxiety, tension or acute 
stress reactions prior to endoscopic and 
surgical procedures; cardioversion. 

Contraindicated: In infants; in pa- 
tients with known hypersensitivity to the 
drug; in acute narrow angle glaucoma; 
may be used in patients with open angle 
glaucoma receiving appropriate therapy. 

Warnings: Inject I.V. slowly, directly 
into vein; take at least one minute for each 
5 mg(1ml)given.Do not mix or dilute with 
other solutions or drugs. Do not add to 
I.V. fluids. Administer with extreme care 
to elderly or very ill and those with limited 
pulmonary reserve because of possibility 
of apnea and/or cardiac arrest; have re- 
suscitative facilities available. When used 
with narcotic analgesic eliminate or re- 
duce narcotic dosage at least 1⁄4, admin- 
ister in small increments. Should not be 
administered to patients in shock, coma, 
acute alcoholic intoxication with depres- 
sion of vital signs. As with most CNS- 
acting drugs, caution against hazardous 
occupations requiring complete mental 
alertness (e.g., operating machinery, 
driving). Advise against simultaneous in- 
gestion of alcohol and other CNS depres- 
sants. Withdrawal symptoms (similar to 
those with barbiturates and alcohol) have 
occurred following abrupt discontinuance 
(convulsions, tremor, abdominal and 
muscle cramps, vomiting and sweating). 
Keep addiction-prone individuals under 
careful surveillance because of their pre- 
disposition to habituation and depend- 
ence. In pregnancy, nursing women or 
women of childbearing potential, weigh 
expected benefit against possible hazard 
to mother and child. Not recommended 
for OB use. 


5 mg/ml 


2-ml ampuls 


Precautions: If combined with other 
psychotropics or anticonvulsants, care- 
fully consider individual pharmacologic 
effects— particularly with known com- 
pounds which may potentiate action of 
Valium (diazepam), i.e., phenothiazines, 
narcotics, barbiturates, MAO inhibitors 
and other antidepressants. Protective 
measures indicated in highly anxious pa- 
tients with accompanying depression who 
may have suicidal tendencies. Observe 
usual precautions in impaired hepatic 
function; avoid accumulation in patients 
with compromised kidney function. 
Laryngospasm and increased cough reflex 
are possible during peroral endoscopic 
procedures; use topical anesthetic and 
have necessary countermeasures available. 
Hypotension or muscular weakness pos- 
sible, particularly when used with nar- 
cotics, barbiturates or alcohol. Use lower 
doses (2 to 5 mg) for elderly and debili- 
tated; safety and efficacy in children 
under 12 not established. 

Adverse Reactions: Drowsiness, fa- 
tigue, ataxia, venous thrombosis and 
phlebitis at injection site, confusion, 
depression, dysarthria, headache, hypo- 
activity, slurred speech, syncope, tremor, 
vertigo, constipation, Nausea, 1ncontl- 
nence, changes in libido, urinary reten- 
tion, bradycardia, cardiovascular collapse, 
hypotension, blurred vision, diplopia, 
nystagmus, urticaria, skin rash, hiccups, 
changes in salivation, neutropenia, jaun- 
dice. Paradoxical reactions such as acute 
hyperexcited states, anxiety, hallucina- 
tions, increased muscle spasticity, in- 
somnia, rage, sleep disturbances and 
stimulation have been reported; should 
these occur, use of the drug should be 
discontinued. Cough, depressed respira- 
tion, dyspnea, hyperventilation, laryngo- 
spasm and pain in throat and chest have 
been reported in peroral endoscopic pro- 
cedures. Isolated reports of neutropenia, 
jaundice; periodic blood counts and liver 
function tests advisable during long-term 
therapy. Minor EEG changes, usually 
low-voltage fast activity, of no known 
significance. 

Dosage: Usual initial adult dose is 
2 to 20 mg I.M. or I.V., depending on in- 
dication and severity. Larger doses may 
be required in some conditions (tetanus). 
In acute conditions injection may be re- 
peated within 1 hour, although interval 
of 3 to 4 hours is usually satisfactory. 


Lower doses (usually 2 to 5 mg) with slow 
dosage increase for elderly or debilitated 
patients and when sedative drugs are 
added. (See Warnings and Adverse Re- 
actions.) Give I.V. injections slowly, di- 
rectly into vein; take at least 1 minute 
lor cach 5 mg (1 ml); avoid small veins. 
I.M. should be by deep injection. Do not 
mix or dilute with other solutions or 
drugs. Do not add to I.V. fluids. Moderate 
psychoneurotic reactions, 2 to 5 mg I.M. 
or I.V. and severe psychoneurotic reac- 
tions, 5 to 10 mg I.M. or I.V, repeat in 3 
to 4 hours if necessary; acute alcoholic 
withdrawal, 10 mg I.M. or I.V. initially 
then 5 to 10 mg in 3 to 4 hours if neces- 
sary; muscle spasm, 5 to 10 mg I.M. or I.V. 
initially, then 5 to 10 mg in 3 to 4 hours 
if necessary (tetanus may require larger 
doses); status epilepticus, severe recur- 
rent convulsive seizures, 5 to 10 mg I.M. 
or I.V. initially, repeat in 2 to 4 hours if 
necessary. In endoscopic procedures, ti- 
trate I. V. dosage to desired sedative re- 
sponse, generally 10 mg or less but up to 
20 mg (if narcotics are omitted) immedi- 
ately prior to procedure; if I.V. cannot be 
used, 5 to 10 mg I.M. approximately 30 
minutes prior to procedure. As preopera- 
tive medication, 10 mg I.M.; in cardio- 
version, 5 to 15 mg I.V, within 5 to 10 
min. prior to procedure. Once acute 
symptomatology has been properly con- 
trolled with injectable form, patient may 
be placed on oral form if further treat- 
ment is required. 
Management of Overdosage: Manifes- 
tations include somnolence, confusion, 
coma and diminished reflexes. Monitor 
respiration, pulse, blood pressure; em- 
ploy general supportive measures, I.V. 
fluids, adequate airway. Use levarterenol 
or metaraminol for hypotension, caffeine 
and sodium benzoate for CNS-depressive 
effects. Dialysis is of limited value. 
Supplied: Ampuls, 2 ml, boxes of 10; 
Vials, 10 ml, boxes of 1; Tel-E-Ject? (dis- 
posable syringes), 2 ml, boxes of 10. Each 
ml contains 5 mg diazepam compounded 
with 40% propylene glycol, 10% ethyl 
alcohol, 575 sodium benzoate and benzoic 
acid as buffers, and 1.576 benzyl alcohol 
as preservative. 
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SQUE Say, 


— BRIDGE — 


U.S, Patent No. 3,695,271 


A new and unique device 
designed for use with 
Retention Sutures 


Cross-hatch scarring, infection and patient discomfort 
are serious and persistent problems. Booties, bolsters, 
guides and ordinary bridges press on the incision and cause 
skin necrosis. Exudates collect in them. They must be cut 
to the right length. 

With the new Deknatel Wound Span Bridge, contact 
with the skin is completely outside of the incision and suture 
exit points. This bridge spans the body contours and is 
cushioned at the two contacts with the skin. Cross-hatch 
scarring is virtually eliminated. Cutting and infection at 
suture exit points are minimal. Traumatized areas can be 
easily cleaned. 


PATENTED ARCH DESIGN Permits Easy Cleaning of 
Wound 


SPANNING OF BRIDGE Over Curvature of Abdomen 
Allows Easy Bandaging After Surgery With No "Flop-Over" 


FIVE SMOOTH SUTURE-RECEIVING APERTURES On 
Each Side Make Bridge Adaptable to Varying Distances 
Between Suture Exit Points 


SLOTTED GUIDE Keeps Suture Securely On Bridge 


CONTACT WITH SKIN IS COMPLETELY OUTSIDE For further data and samples, 
OF INCISION AND SUTURE EXIT POINTS ixi arn 
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Queens Village, Long Island, 
New York 11429 


the low-back patient and his problems: 


DRIVER’S BACKACHE 


Neck and shoulders rigid and tense ; 
Upper back strained forward 

Lower spine slumped 
Soft seat can’t support vertebrae and low-back muscles 

Left leg “frozen” in cramped position 

Right leg stretched to reach gas and brake pedals 





strain on back and shoulder muscles. 
Insert small cushion between small of 
back and rear of car seat. Back support 
can help relieve pain and fatigue. 
Always wear seat belt and shoulder 
harness. On long trips get out of car 
and stretch every couple of hours. 


the solution: A | Push front seat forward to reduce 


Indications 
PZN. Eu S Based on a review of this drug by the 
E tP SUP National Academy of Sciences — National 
MR Research Council and/or other information, 
9*0)! 750 mg. capsule- FDA has classified the indications as follows: 
419008) P, shaped tablets "Possibly" effective: Relief of discomforts 


Complete bed rest on a very firm mattress is 
usually indicated in the home treatment 


of acute low-back discomfort. Have 
patient insert section of plywood 
4-3/4" thick between mattress 

and box springs. The use of 

moist heat is often very 

beneficial. 


To relieve the discomforts 
associated with acute musculo- 
skeletal disorders, Robaxin®-750 
is often indicated.” It is a well 
tolerated agent which can provide 
significant relief, usually without 
serious adverse reactions. 


associated with acute musculoskeletal 
disorders. 

Final classification of the less-than-effective 
indications requires further investigation. 


Contraindications: 
Methocarbamol is contraindicated in patients 
hypersensitive to any of the ingredients. 


Warnings: 

Safe use of Robaxin has not been established with 
regard to possible adverse effect upon fetal 
development. Therefore, Robaxin should not be 
used in women who are or may become pregnant 
and particularly during early pregnancy unless in 
the judgment of the physician the potential benefits 
outweigh the possible hazards. 


Adverse Reactions: 

Light-headedness, dizziness, drowsiness, nausea, 
allergic manifestations such as urticaria, pruritus, 
rash, conjunctivitis with nasal congestion, blurred 
vision, headache, fever. 

Dosage and Administration: 

NOTE: Because of limited clinical experience in the 
younger age group, Robaxin is not recommended 
for use in patients under 12 years of age except 

in tetanus. 

Adults: 

Initial dosage, 2 tablets q.i.d. Maintenance dosage, 
1 tablet q. 4h. or 2 tablets t.i.d. 


Six grams a day are recommended for the first 

48 to 72 hours of treatment. (For severe conditions 
8 grams a day may be administered.) Thereafter, the 
dosage can usually be reduced to approximately 

4 grams a day. 


Also Available: 
ROBAXIN® (methocarbamol) 500 ma. 


See package insert for full prescribing information. 


AH. Robins Company, 1407 Cummings Drive. Richmond, Va. 23220 
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An unextreme parenteral analgesic can be preferable for the relief of moderate to 
severe pain associated with many everyday hospital situations. 
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Gastrectomy 
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Thoracic surgery 









Hysterectomy 
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Acute bursitis | Appendectomy l | d Intestinal colic 


Since clinical experience in children under 12 years of age is limited, the use of Talwin (brand of pentazocine, 
as lactate) in this age group is not recommended. Since sedation, dizziness, and occasional euphoria 
have been noted, ambulatory patients should be warned not to operate machinery, drive cars, or unnecessarily 
expose themselves to hazards. See full instructions and warnings on last page. 








Talwin doesn't go to extremes. 

Yet, Talwin relieves serious 
^. pain(moderate to severe pain) in 

-the great majority of everyday 
hospital situations. 

For most serious pain — Talwin has in fact 
been shown comparable to narcotics such as & 
morphine and meperidine, in analgesic efficacy... 
with less likelihood of some of the extreme ad- 
verse effects produced by the opiates in general. 

With Talwin there is a low incidence of 
respiratory depression, hypotension, urinary 
retention, and constipation. 
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| extremely effective for most pr ts 
7 30 m$. 45 m$. 60 mé. 


See important product information concerning warnings, adverse reactions, patient selection, 
prescribing and precautionary recommendations on last page of this advertisement. 


Taiwin® 
Brand of pentazocine (as lactate) 
Analgesic for Parenteral Use 





Ampuls: 30 mg. (1 mi.), 45 mg. 
(1% ml.), and 60 mg. (2 mi.) 


Vials: (10 mi.) 30 mg./mi. 
30 mg. for I.V., L.M., or S.C. use 
45 mg. tor I.M. or S.C. use 

60 mg. tor I.M. or S.C. use 


Indications: For the relief of moderate to severe 
pain. Talwin may also be used for preoperative 
or preanesthetic medication and as a supple- 
ment to surgical anesthesia. 

Contraindication: Talwin should not be admin- 
istered to patients who are hypersensitive to it. 
Warnings: Drug Dependence. Special care 
should be exercised in prescribing pentazocine 
for emotionally unstable patients and for those 
with a history of drug misuse. Such patients 
should be closely supervised when long-term 
therapy is contemplated. There have been ín- 
stances of psychological and physical depend- 
ence on Talwin in patients with such a history 
and, rarely, in patients without such a history. 
Abrupt discontinuance following the extended 
use of parenteral Talwin has resulted in symp- 
toms such as abdominal cramps, elevated tem- 
perature, rhinorrhea, restlessness, anxiety, and 
lacrimation. Even when these occurred, discon- 
tinuance has been accomplished with minimal 
difficulty. in the rare patient in whom more than 
minor difficulty has been encountered, reinstitu- 
tion of parenteral Talwin with gradual withdrawal 
has ameliorated the patient's symptoms. Sub- 
stituting methadone or other narcotics for Talwin 
in the treatment of the Talwin abstinence syn- 
drome should be avoided. 

In prescribing parenteral Talwin for chronic use, 
particularly if the drug is to be self-administered, 
the physician should take precautions to avoid in- 
creases ín dose and frequency of injection by the 
patient and to prevent the use of the drug in an- 
ticipation of pain rather than for the relief of pain. 
Just as with all medication, the oral form of 
Talwin is preferable for chronic administration. 
Head Injury and Increased Intracranial Pressure. 
The respiratory depressant effects of Talwin and 
its potential for elevating cerebrospinal fluid 
pressure may be markedly exaggerated in the 
presence of head injury, other intracranial le- 
sions, or a preexisting increase in intracranial 
pressure. Furthermore, Talwin can produce ef- 
fects which may obscure the clinical course of 
patients with head injuries. In such patients, 
Talwin must be used with extreme caution and 
only if its use ís deemed essential. 

Usage in Pregnancy. Safe use of Talwin during 
pregnancy (other than labor) has not been estab- 
lished. Animal reproduction studies have not 
demonstrated teratogenic or embryotoxic ef- 
fects. However, Talwin should be administered 
to pregnant patients (other than labor) only 
when, in the judgment of the physician, the po- 
tential benefits outweigh the possible hazards. 
Patients receiving Talwin during labor have ex- 
perienced no adverse effects other than those 
that occur with commonly used analgesics. 
Talwin should be used with caution in women 
delivering premature infants. 

Acute CNS Manifestations. Patients receiving 
therapeutic doses of Talwin have experienced, 
in rare instances, hallucinations (usually visual), 
disorientation, and confusion which have cleared 










spontaneously within a period of hours. The 
mechanism of this reaction is not known. Such 
patients should be very closely observed and 
vital signs checked. If the drug is reinstituted it 
should be done with caution since the acute 
CNS manifestations may recur. 

Usage in Children. Because clinical experience 
in children under twelve years of age is limited, 
the use of Talwin in this age group ís not rec- 
ommended. 

Ambulatory Patients. Since sedation, dizziness, 
and occasional euphoria have been noted, am- 
bulatory patients should be warned not to op- 
erate machinery, drive cars, or unnecessarily 
expose themselves to hazards. 

Precautions: Certain Respiratory Conditions. The 
possibility that Talwin may cause respiratory de- 
pression should be considered in treatment of 
patients with bronchial asthma. Talwin should 
be administered only with caution and in low 
dosage to patients with respiratory depression 
(e.g., from other medication, uremia, or severe 
infection), severely limited respiratory reserve, 
obstructive respiratory conditions, or cyanosis. 
Impaired Renal or Hepatic Function. Although 
laboratory tests have not indicated that Talwin 
causes or increases renal or hepatic impairment, 
the drug should be administered with caution to 
patients with such impairment. Extensive liver 
disease appears to predispose to greater side 
effects (e.g., marked apprehension, anxiety, diz- 
ziness, sleepiness) from the usual clinical dose, 
and may be the result of decreased metabolism 
of the drug by the liver. 

Myocardial Infarction. As with all drugs, Talwin 
should be used with caution in patients with my- 
ocardial infarction who have nausea or vomiting. 
Biliary Surgery. Until further experience is 
gained with the effects of Talwin on the sphinc- 
ter of Oddi, the drug should be used with cau- 
tion in patients about to undergo surgery of the 
biliary tract. 

Patients Receiving Narcotics. Talwin is a mild 
narcotic antagonist. Some patients previously 
given narcotics, including methadone for the 
daily treatment of narcotic dependence, have 
experienced withdrawal symptoms after receiv- 
ing Talwin. 

CNS Effect. Caution should be used when Talwin 
is administered to patients prone to seizures; 
seizures have occurred in a few such patients 
in association with the use of Talwin although 
no cause and effect relationship has been estab- 
lished. 

Adverse Reactions: The most commonly occur- 
ring reactions are: nausea, dizziness or light- 
headedness, vomiting, euphoría. 

infrequently occurring reactions are—respira- 
tory: respiratory depression, dyspnea, transient 
apnea in a small number of newborn infants 
whose mothers received Talwin during labor; 
cardiovascular: circulatory depression, shock, 
hypertension; CNS effects: sedation, alteration 
of mood (nervousness, apprehension, depres- 
sion, floating feeling), dreams; gastrointestinal: 
constipation, dry mouth; dermatologic including 
local: diaphoresis, sting on injection, flushed 
skin including plethora, dermatitis including pru- 
ritus; other: urinary retention, headache, pares- 
thesia, alterations in rate or strength of uterine 
contractions during labor. 

Rarely reported reactions include—neuromuscu- 
lar and psychiatric: muscle tremor, insomnia. 
disorientation, hallucinations; gastrointestinal: 
taste alteration, diarrhea and cramps; ophthai- 
mic: blurred vision, nystagmus, diplopia, miosis; 
hematologic: depression of white blood cells (es- 
pecially granulocytes), usually reversible and 


the unextreme 
injectable 


for serious pain 


usually associated with diseases or other drugs 
which are known to cause such changes, moder- 
ate transient eosinophilia; dermatologic: soft 
tissue induration, nodules, cutaneous depres- 
sion, ulceration (sloughing) at the injection site, 
toxic epidermal necrolysis; other: tachycardia, 


weakness or faintness, chills, allergic reactions | 


including edema of the face. 

See Acute CNS Manifestations and Drug De- 
pendence under WARNINGS, 

Dosage and Administration: Adults, Excluding 
Patients in Labor. The recommended single 
parenteral dose is 30 mg. by intramuscular, sub- 
cutaneous, or intravenous route. This may be 
repeated every 3 to 4 hours. Doses in excess of 
30 mg. intravenously or 60 mg. intramuscülarly 
or subcutaneously are not recommended. Total 
daily dosage should not exceed 360 mg. As with 
most parenteral drugs, when frequent daily in- 
jections are needed over a prolonged period, 
intramuscular administration is preferable 
subcutaneous. in addition, constant rotation of 
injection sites (e.g., the upper outer quadrants 
of the buttocks, mid-lateral aspects of the thighs, 
and the deltoid areas) is recommended. 
Patients in Labor. A single, intramuscular 30 ma. 
dose has been most commonly administered, An 
intravenous 20 mg. dose has given adequate 
pain relief to some patients in labor when con- 
tractions become regular, and this dose may be 
given two or three times at two- to three-hour 
intervals, as needed. 

Children Under 12 Years of Age. Since clinical 
experience in children under twelve years of age 
is limited, the use of Talwin in this age group is 
not recommended. 

CAUTION. Talwin should not be mixed in the 
same syringe with soluble barbiturates because 
precipitation will occur. 

Overdosage: Manifestations. Clinical experience 
with Talwin overdosage has been insufficient to 
define the signs of this condition. 

Treatment. Oxygen, intravenous fluids, vaso- 
pressors, and other supportive measures should 
be employed as indicated, Assisted or controlled 
ventilation should also be considered. Although 
nalorphine and levallorphan are not effective 
antidotes for respiratory depression due to over- 
dosage or unusual sensitivity to Talwin, paren- 
teral naloxone (Narcan®, available through Endo 
Laboratories) is a specific and effective antago- 
nist. 

Talwin is not subject to narcotic controls. 

How Supplied: Uni-Amp' ^ —Individual unit dose 
ampuls of 1 mi. (30 mg.) and 2 ml. (60 mg.) in 
boxes of 25. 

Ampuls of 1% ml. (45 mg.) in boxes of 10, 25, 
and 100. 

Each 1 mi. contains Talwin (brand of pentazo- 
cine) as lactate equivalent to 30 mg. base and 
2.8 mg. sodium chloride, in water for injection. 
Multiple dose viais of 10 ml., each 1 ml. contain- 
ing Talwin (brand of pentazocine) as lactate 
equivalent to 30 mg. base, 2 mg. acetone sodium 
bisulfite, 1.5 mg. sodium chloride, and 1 mg. 
methylparaben as preservative, in water for In- 
jection. Boxes of 1. 

The pH of Tatwin solutions is adjusted between 
4 and 5 with lactic acid and sodium hydroxide. 
The air in the ampuls and vials has been dis- 
placed by nitrogen gas. 
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Regulation of Spleen Growth in Hepatic Dysfunction 


[ N PATIENTS WITH HEPATIC OR BILIARY CIRRHOSIS, spleno- 
I megaly is generally considered to be the result of 
extrahepatic portal congestion, a concept which under 
lies the term “congesive splenomegaly.”!%?031 Informa- 
tion from experiments in animals and from recent clini- 
cal observations in surgical patients suggests that this 
simple mechanical explanation may be inadequate. In- 
terruption of splenic venous drainage for example is not 
followed by sustained splenomegaly in experimental] ani- 
mals?? In addition, chemically induced injury to the 
liver results in splenomegaly even when the spleen is 
transplanted out of the portal system.’ In patients with 
hepatic cirrhosis and bleeding esophageal varices, suc- 
cessful portacaval shunt frequently fails to function as a 


. “physiological splenectomy” even though portal pressure 


T 


- 


falls. ? Moreover, preshunt levels of portal pressure may 
be higher in patients without splenomegaly.” Consid- 
ered together these findings provide little support for the 
concept of impaired splenic venous outflow as the domi- 
nant factor in the pathogenesis of splenomegaly. 
Extrahepatic portal congestion develops in animals 
with chronic biliary obstruction? and it is generally as- 
sumed that this circulatory abnormality underlies the 
development of splenomegaly in such animals.1?19.2125 
Based on these considerations, an attempt was made to 


determine whether the effects of surgically induced bi- 


liary obstruction on growth of the spleen are actually due 
to the extrahepatic portal congestion which develops 
concomitantly. As free autotransplants of splenic tissue 
regenerate and function when placed in the systemic 
circulation$15.7? regeneration rate and sequestering func- 
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tion of such grafts were compared with transplants in 
the portal system following surgical ligation and division 
of the common bile duct. 


Method 


1. Preparation of Animals 


All studies were performed on Bartonella bacilliformis- 
free Caesarian delivered strain of Sprague-Dawley rats 
(Charles River c.d.).* As transplanted splenic tissue 
grows in a more predictable manner in young animals;?? 
weanling rats were used weighing 50-75g. Under ether 
anesthesia and using aseptic precautions, the spleen was 
completely removed and a small (2-3 mm) weighed 
transverse sections was autotransplanted into either a 
subcutaneous pocket in the anterior abdominal wall or, 
in a second group, into the peritoneal cavity within an 
omental envelope. Three weeks later the common bile 
duct was double ligated and divided. A third and fourth 
group of animals underwent splenectomy and autotrans- 
plantation in the same two locations but without biliary 
obstruction and served as controls. A total of 44 animals 
were studied, divided equally into four groups. In order 
to avoid gram negative sepsis and endotoxinemia, a de- 
velopment which could in itself increase growth of the 
spleen, oxytetracycline was administered to all animals 
in their drinking water. 


* Obtained from Charles River Laboratories, Boston Massa- 
chusetts, 
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2. Measurement of Growth and Sequestering Function 
of Transplants 


At the end of 7 weeks after transplantation animals 
in each group were injected by tail vein with 1 ml. of a 
50% washed suspension of isologous red cells labeled 
with 5 u.c. of Na,Ci?!O,.* These cells were altered by 
exposure of a 50% washed cell suspension to an equiva- 
lent volume of N-ethylmaleimide* (12 m M in isotonic 
saline) a concentration that provided for preferential 
splenic uptake of the altered cells. Three hours after 
injection animals were sacrificed and cardiac blood, liver, 
kidney, lung, femur and splenic transplant were removed, 
weighed and assayed for radioactivity in a well-type 
scintillation counter as previously described. Weight 
of the transplant on removal was compared with original 
weight at the time of operation. Sections of livers and 
splenic autotransplants were then placed in formalin and 
prepared for histologic study. Serial sections were stained 
by the following technics: Hematoxylin and eosin, 
Giemsa and toluidine blue for estimation of cell type 
and distribution; reticulum and trichrome for determina- 
tion of connective tissue, periodic acid Schiff (PAS) and 
phosphotungstic acid-hematolylin (PTAH) to determine 
presence of "deposit" materials. All sections were ex- 
amined without reference to a particular experimental 


group. 
Results 


A. Growth and Function of Spleen Autotransplants: 
Control Animals 

The transplant failed to grow and function in two of 
the animals undergoing subcutaneous transplantation. 


i 
tn 


SUBCUTANEOUS POUCH | — GMENTAL PQUCH 
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Fic. 1. Effect of CD ligation on gain in weight of spleen auto- 
transplants in subcutaneous (A) and omental (B) pouches. Note 
that in CD ligated animals growth rates of splenc transplants are 
significantly greater than in control animals whether or not the 
transplants. are in the portal circulation. Each of the points rep- 
resents the mean valve from 6-11 animals. 
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* Obtained from Abbott Laboratories, Chicago, Illinois. 
t Obtained from Schwarz Bio Research Inc., Orangeburg, N.Y. 
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In the remaining animals in both groups gross and histo- 
logic findings conformed to those reported previously 
by others.!? At the end of the 7th week after transplan- 
tation subcutaneous transplants had gained an average 
of 82 mg compared to 73 mg for grafts in the omentum, 
an increase of about .75 times the weight of the original 
transplant (Fig. la). 

Sequestering function was well established and ap- 
proximately equal in both groups by the 7th week. Total 
uptake of Cr?! labeled cells averaged 73 ul in subcutane- 
ous and 115 ul in omental grafts. 


B. Common Duct Ligated Animals 


Transplants failed to grow and function in two of the 
animals undergoing subcutaneous transplantation and in 


five of those undergoing transplantation into the omen- 


tum. At the end of 7 weeks after transplantation trans- 
plants in the remaining animals had gained an average 
of 183 mg in subcutaneous locations ind 267 mg in the 
omentum. For subcutaneous grafts this increase in 
weight was 1.5 times that observed in control animals 
and for omental grafts twice that of controls. (Fig. Ib) 
Thus in CD ligated animals growth rates of splenic 
transplants were significantly greater than in control ani- 
mals whether or not the transplants were in the portal 
circulation. Weight of regenerated spleen in some ani- 
mals undergoing CD ligation exceeded that of the nor- 
mal spleen in situ in animals of similar size and age. 
By extrapolation it can be estimated that such spleens 
would weigh about 600 grams in man. 

At 7 weeks well developed vascular channels to and 
from each functioning transplant were visible grossly. In 
the case of omental transplants venous connections to 
nearby omental veins were regularly identified and were 
particularly prominent in CD ligated animals. 

On a total organ basis, splenic sequestration was simi- 
lar in all control and common duct ligated animals. 
Nevertheless, in CD ligated animals as in controls, grafts 
in the omentum tended to sequester slightly more of the 
injected cells 87 ul vs 54 ul, the differences not being 
significant. 

Data regarding growth of splenic transplants and 
measurements of sequestering function are summarized 
in Table 1. 


C. Changes in Liver Size and Sequestering Function 

In control animals position of the splenic transplant 
did not affect either liver size or sequestering function. 
In animals undergoing CD ligation the liver weighed 
twice as much as that of control animals in those with 
transplants in the omentum and about one and a half 
times more than controls in animals with subcutaneous 
transplants ( Fig. 2). On a gram for gram basis sequester- 
ing function decreased slightly in both CD ligated groups 
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TABLE f. 
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CD Ligated 


A) Subcutaneous Transplants 


inimal Weight Gain (mg) R. B. C. Uptake (ul) Animal Weight Gain (mg) K. B. C. Uptake (ul) 

I 29 48 10 212.5 40 

2 155.6 94 11 365.5 52 

3 8.9 31 12 48.9 65 

* 4 137.93 117 13 180.3 41 

5 46.7 64 14 120.6 67 

6 156.5 87 15 97.5 66 

7 139.0 87 16 401.9 66 

8 22.9 82 es 146.7 49 

F 8 42.6 50 18 88.3 41 

B) Omental Transplants 

19 44.6 56 30 200.1 7: 

20 20.6 56 31 357.0 104 

21 188.7 125 32 175.0 1 

22 139 7 107 33 331.3 132 

23 21.9 70 34 218.0 76 

24 31.0 59 35 325.3 62 
25 13.2 122 
26 66.6 78 
27 59.3 109 
28 108.2 150 
29 50.8 294 


compared with corresponding controls but this change 


was not significant. 


D. Histologic Findings 


Livers of control rats were normal. In animals under- 
going CD ligation intrahepatic bile duct proliferation Was 
_ striking? and accompanied at times by occasional necrotic 


‘+ foci: fibrosis was absent. 


All regenerating spleens displayed a thickened capsule 
and vascular adhesions. Apart from the capsule no in- 
creased deposition of fibrous tissue was noted. Neither 
PTAH nor PAS positive material was found and in con- 
trol animals transplants closely resembled normal spleen. 

Two striking alterations characterized transplants in 
animals undergoing CD ligation. (Figs. 3 and 4) First, 
the lymphocyte cell mass or white pulp was markedly 
increased. Lymphocytes were often so widely distributed 
and numerous that identification of a distinct red pulp 
was difficult. At times, and particularly in omental trans- 
plants, collections of excess lymphocytes were found out- 
side the capsule. In addition, aggregations of small 
lymphocytes formed Malphigian corpucles which were 
two to four times larger than in controls. Second, germi- 
.. hal activity was markedly reduced and often absent in 
such transplants. Small accumulations of germinal cells 
were seen occasionally or less often, small numbers of 
such cells were scattered throughout the white pulp. 
Histologic appearance of transplants in control animals 
copformed to that reported previously. 


E. Portal Pressure 


To confirm the effect of biliary obstruction on portal 
pressure,?? the common bile duct was doubly ligated and 
divided in a separate group of six rats. Three weeks later 
the animals were re-examined and portal pressure meas- 
ured with a saline monometer attached to a cannula in 
the portal vein. At this time pressures ranged from 15-19 
cm HO compared to 5-10 cm in a control group of six 
rats. 


Discussion 


In these experiments, weight of subcutaneous trans- 
plants in CD ligated ammi was 1.5 times more than 
control values but was less than that of transplants in 
the portal circulation. The results recall earlier studies 
of Cameron and DeSaram who observed increased 
growth of splenic transplants placed in the systemic 
circulation of animals exposed to carbon tetrachloride.‘ 
The mechanism underlying this increased growth of the 
spleen during hepatic dysfunction is obscure but clearly 
does not depend upon “congestive splenomegaly” a term 
almost always used to describe the process, 1719#1.39 Jn- 
troduced almost 40 years ago by Larabee?’ to imply that 
portal congestion alone underlies enlargement of the 
spleen i in patients or in animals with hepatic dysfunction, 
“congestive splenomegaly” has become a convenient 
clinical expression but it implies the presence of informa- 
tion which is in fact lacking; such hemodynamic effect 
would be unusual and is incapable of experimental dupli- 
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mals diver weights are signigficantly greater than in controls re- 
gardless of the location of the spleen transplants. Increase in liver 
weight is more marked however with spleen autotransplants in 
the portal circulation. Each bar represents the mean valve from 
6-11 animals. 


ation. In CD ligated animals the observation that trans- 
plants in omentum grew larger on the average than those 
placed subcutaneously suggests however that portal con- 
gestion may influence spleen growth under certain cir- 
cumstances. Thus venous congestion appears to be a 
supplemental factor and not essential for increased spleen 
growth. The effect of this factor could be related to an 
increase in splenic lymph formation, an abnormality reg- 
ularly associated with splenic congestion.” 

Histologic examination of autopsy specimens of liver 
and spleen obtained from patients with hepatic disorders 
led McMichael to suggest a dominant role for reticulo- 
endothelial hyperactivity in initiating increased growth 
of the spleen.?* Recently the relationship between splenic 
growth and RE function has been clarified and it is 
recognized that: 1) decreased blood flow through hepatic 
sinusoids is a general feature of most kinds of liver in- 
jury,” a derangement which is accompanied by reduction 
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in hepatic sequestering activity,^!* 2) a reciprocal re- 
lationship exists between hepatic and splenic sequester- 
ing function, and 3) increased requirement for splenic a 
sequestering function stimulates growth of splenic trans- 
plants.” In the light of this knowledge, earlier observa- 
tions by Whipple,?! Moschowitz,? Rousselot and 
Thompson? and others which seemed to demonstrate 
that splenomegaly results from portal hypertension cpuld 
reflect instead the inhibitory effect of decreased trans- 
sinusoidal blood flow on hepatic RE activity with com- 
pensatory enhancement of splenic RE activity. While 
support for this view is provided by findings of increased 
spleen growth following partial hepatectomv or ligation 
of a branch of the portal vein,??* it is curious that in 
published reports detailing the effects of an Eck fistula 
in experimental animals, references to development of * 
splenomegaly are completely lacking. It is tempting to 
speculate that under these conditions an abnormally 
rapid transplenic blood flow?? may allow excess splenic 
RE activity but prevent splenomegaly. 

In animals undergoing CD ligation the finding that 
splenic transplants in the congested portal circulation se- 
questered approximately the same number of red blood 
cells as transplants in the systemic circulation conforms 
to clinical observations reported recently by Holzbach, 
Shipley, Clark and Chudzik.'* In patients with cirrhosis 
they were unable to correlate increased splenic red cell 
sequestration with raised portal pressure and suggested 
instead that splenomegaly in itself may promote increased 
sequestration. In the experiments described here how- 
ever sequestering function of splenic transplants meas- 
ured after 3 weeks of complete biliary obstruction was 
the same on the average as in control animals, an un- * 
expected observation considering their increased size. Re- 
sults seem to vary in published reports regarding the 
effect of biliary obstruction on RE sequestering function. 
Helpern, Biozzi, Nicol and Bilbey, for example measur- 
ing uptake of carbon particles found RE function es- 
sentially unchanged in liver and increased in spleen on 
a unit basis.'? Increased weight of both liver and spleen 
resulted in a net increase in sequester ing activity. Aron- 
sen, Nylander and Ohlsson measuring uptake of colloidal 
gold found hepatic sequestering activity lower than in 
controls, due to decrease in effective transhepatic portal 
flow.! In the experiments described here sequestration of 
altered red blood cells in liver also decreased slightly per 
gram of liver tissue, a change balanced by increase in 
liver mass so that net hepatic sequestering function was 
restored to normal. The fact that this increase in liver 
mass was consistently greater in animals with transplants 
in the portal system is unexplained but suggests that the 
well known regulatory influence of portal venous, blood 
on hepatic regeneration may derive in part from the 
spleen. Based on these considerations two factors could 
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Fic. 3. Microphotograph 
of a section of regenerat- 
ing spleen in a control 
animal 49 days after 
transplantation. Intense 
germinal activity is evi- 
dent in the center of a 
normal corpuscle. Den- 

* sely packed small lymph- 
ocytes surround this 
germinal center. H & E 
x 250. 


Fic. 4. Microphotograph 
of a section of regenerat- 
ing spleen in a CD li- 
gated animal 49 days 
after transplantation. Ap- 
proximately one half of 
an abnormally large, el- 
liptically phage cor- 
puscle can be seen at 
the same magnification 
as in Fig. 3. Germinal 
activity is absent. H & E 
x 250. 
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explain failure of the larger transplants in CD ligated 
animals to sequester more of the labeled cells. First, de- 
crease in total T RE function was transient, per- 
sisting only until gain in liver weight restored net hepatic 
sequestering function to normal, Second, available evi- 
dence indicates that reticulum cells, active elements in 
initiating splenic growth, are the components which re- 
spond to unusual faneBondl demands on the RE svstem. 
As a large portion of such cells in regenerating trans- 
plants differentiate bv 2-3 weeks into Ivmphocy tes and 
other cell types with concomitant loss of sequestering 
ability, it is likely that the residual pool of cells with se- 
questering ability progressively decreases as growth and 
differentiation proceed.* A continuous stimulus such as 
one which results from a marked degree of persistent 
excess hemolysis is probably required for continued 
proliferation of cells with sequestering function. In this 
regard, Jacob, MacDonald and Jandl found that growth 
as as well as sequestering function of subcutaneous 
transplants were significantly greater when splenectomy 
was combined with sustained phenylhydrazine induced 
hemolysis.! 

In CD ligated animals hyperplasia of the white pulp, 
the immunologic ‘ally competent component of spleen, 
constituted the predominant histologic alteration in 
transplants in the portal as well as those in the systemic 
circulation. Cameron and DeSaram found that the same 
change predominated in whole spleen transplanted out 
of the portal bed in carbon tetrachloride treated ani- 
mals.” Hyperplasia of splenic white pulp without germi- 
nal center activity also regularly follows strong or sus- 
tained antigenic stimulation™ and recent studies suggest 
that in hepatic dysfunction this stimulation could result 
from altered disposition of circulating antigens absorbed 
from the gastrointestinal tract. While the strategic inter- 
position of liver between the gastrointestinal tract and the 
general circulation normally insures against sensitization 
to such antigen, derangements in transsinusoidal portal 
flow or spontaneous porta caval shunts or both may so 
alter the disposition of antigen that effectiveness of the 
liver in this regard is lost, antigen continues to circulate 
and sustained immunologic stimulation of the spleen re- 
sults.* 9? Whether or not splenic white pulp hyperplasia 
develops in normal animals following creation of an Eck 
fistula is unknown, but in patients with liver disease ab- 
normal serum levels of immunologically active protein 
and abnormal sensitivity to antigens absorbed from the 
alimentary tract are much more prominent in those who 
have undergone a porta caval shunt.*? 


Summary 


In hepatic or biliary cirrhosis splenomegalv i is generally 
considered to be the result of extrahepatic portal con- 
gestion, a concept which underlies the term "congestive 
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splenomegaly.” In these experiments an attempt was 
made to determine whether the portal congestion assoi- 
ated with experimental ligation of the common duct is A 
actually responsible for the increased growth of the 
spleen which also follows this maneuver. Based on the 
fact that free, 2-3 mm slices of splenic tissue regenerate 
and function in subcutaneous as well as in omental 
pouches, regeneration rate, sequestering function ( uptake 
of Cr?! tagged rbc) and histology of 7-week-old splenic 
autotransplants in the systemic circulation were com- 
pared with similar autotransplants in the portal bed in 
44 splenectomized rats following 3 weeks of CD obstrué- 
" and in controls. 

Weights of subcutaneous splenic transplants in CD 
ligated animals averaged more than 1% times those of, 
corresponsing transplants in non-CD ligated controls. 
Transplants in the omentum of CD ligated animals 
weighed almost 2 times more than corr esponding trans- 
plants in controls. Uptake of Cr?! tagged cells by trans- 
plants was similar in all controls and CD ligated animals. 
Hyperplasia of white pulp and absence of germinal ac- 
tivity characterized both subcutaneous and omental 
splenic transplants in CD ligated animals. 

Portal congestion is not a requirement for increased 
growth of spleen in animals with hepatic dysfunction. 
Underlying mechanisms are still obscure but may depend 
on transient stimulation of splenic RE activitv secondary 
to decrease in hepatic sinusoidal blood flow. 
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Occult Rupture of the Spleen: 


* 


The Chronic Form of Splenic Rupture 


L. A. AYALA, M.D.,* L. F. WILLIAMS, M.D.,* W. C. WIDRICH, M.D.t 


ORIMER, IN 1964,’ in the first report of an entity 
L which he called Occult Rupture presented several 
cases of chronic subcapsular hematoma of the spleen. 
He stressed the difficulty of establishing the diagnosis 
and differentiating it from neoplastic disease. Drapanas, 
et al? in 1969 recognized the clinical features in this 
group of patients, noted the diagnostic difficulties, and 
concluded that angiography was the key to a preopera- 
tive diagnosis. 

Review of the current literature gives information on 
22 cases of occult rupture.?*7.11.5 Our report of four 
additional cases stresses the importance of considering 
this possibility in the differential diagnosis of patients 
with symptoms and signs referred to the left upper 
quadrant. Clearly the recognition of this entity is diffi- 
cult not only preoperatively but also intraoperatively. 
However, an awareness of this problem should lead to 
early application of angiographic and/or scanning tech- 
niques thus avoiding the delays responsible for an in- 
creased morbidity. 
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Case Reports 


Case #1 J.C.: This 33-year-old negro male construction 
worker, in October 1970, fell over the handles of a wheel barrow 
and sustained an injury to his left flank and lower chest; initial 
evaluation detected only soft tissue damage. For the following 3 
weeks the pain in the lower chest persisted and new X-rays dem- 
onstrated healing fractures of the 10th and llth ribs. Over the 
next nine months he was unable to return to work on a regular 
basis because of persistent pain which responded intermittently 
to oral analgesics and intercostal blocks. 

In July 1971, he required admission to the hospital because of 
severe left upper abdominal lower thoracic and shoulder pain. 
There was discrete left upper abdominal tenderness on examina- 
tion but no masses were felt. Studies revealed a slightly elevated 
hemidiaphagm and an ill-defined psoas shadow on the left side, 
but laboratory evaluations, intravenous pyelogram, sigmoidoscopy 
to 25 cm, barium enema, and upper gastrointestinal series were 
normal The symptoms disappeared spontaneously and he was 
discharged. The pain recurred on an intermittent basis and on 
several occasions during the folowing 5 months he was accused 
of malingering because of the lack of abnormal physical findings. 

By December 1971, the pain was unresponsive to analgesics, 
being worse on inspiration and associated with radiation to the 
shoulder, malaise, anorexia, chills, evening fever up to 38°C 
and a loss of 17 lbs. in weight. On January 23, 1972 he was re- 
admitted with severe upper abdominal tenderness; studies dem- 
onstrated a left pleural effusion and a retrograstric mass pro- 
ducing extrinsic compression and antero-medial displacement of 
the stomach. The splenic technetium sulphur colloid (99mTc) 
scan showed separation of the spleen from the abdominal wall, 
and multiple defects in radioactive uptake were noted. On the 
evening of January 24th he suddenly became acutely ill with 
spiking temperature and increasing signs of peritoneal sepsis re- 
quiring emergency exploration in which a large inflamatory mass 
of the left upper quadrant was found. This mas was formed by 
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adhesions of the stomach, colon, omentum, pancreas, spleen and 
diaphragm about a cavity filled with liquified hematoma. Sev- 
eral fragmetns of disrupted splenic parenchyma were found within 
the mass. Evacuation of the hematoma and splenectomy with re- 
moval of all the splenic fragments was performed. The patho- 
logical report was consistent with chronic subcspsular hematoma 
of the spleen with severe chronic inflamatory reaction. The cul- 
tures taken during surgery were sterile. 

The post-operative course was complicated by a left subphrenic 
abscess which required surgical drainage 3 weeks after splenec- 
tomy; this was followed by complete recovery without further 
symptoms. He is now well 14 months after the operation. 

The intermittent and unspecific pain together with an incred- 
ibly remote history of trauma and the lack of positive physical 
findings were an obstacle to an diagnosis initially. It was not until 
very late in the course of his disease that evidence of an in- 
flammatory abdominal mass was found, so over fifteen months 
went by without a rational explanation for this patient's symp- 
' toms. The scan clearly identified the separation of the spleen from 
the abdominal wall; the defects in uptake corresponded to the 
separated parenchymal fragments found at laparotomy (Fig. 1). 
Earlier use of scan or angiography surely would have changed 
the management of this case. The peritoneal inflammatory reac- 
tion was of such intensity that it was responsible for the spread- 
ing peritoneal signs and led to the emergency laparatomy. This 
sudden change prevented angiographic evaluation. 

Case #2 C.J.: This 38-year-old negro male, alcoholic, was 
admitted to BVAH on August 25, 1971 after referral from the 
infirmary of a local correctional institute where he had been ad- 
mitted two weeks before because of bilateral chest pain, fever, 
and a pulmonary infiltrate of the right middle lobe. A few days 
later he presented symptoms of alcohol withdrawal and watery 
diarrhea 3 or 4 times a day. At the time of transfer his tempera- 





Pie, 1, 
large area of no uptake (arrows) and fragmentation of the 
parenchyma. The separation from the abdominal wall is definitive, 
but not well shown on photographic reproduction. 


99mTc splenic scan (posterior view) demonstrating a 
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a similar area 


Fic. 2. 99mTc splenic scan (posterior view) shows 
of no ) uptake in the periphery (arrows) with se paration from 
the abdominal wall. The uptake in the central zone is not homo- 
genous. 


ture was spiking up to 39°C, there was an increase in the se- 
verity of the diarrhea and examination revealed diffuse abdominal 
tenderness, more marked in the left upper quadrant, with radia- 
tion to the shoulder. However, no abdominal masses were palpable. 

The chest X-rays on admission detected a small left pleural 
effusion; the right pulmonary infiltrate had already cleared. A 
space-occupying mass of the left upper quadrant was demon- 
strated in the abdominal films. The splenic scan revealed an ab- 
normaly shaped spleen with a concave defect peripherally and 
increased separation from the abdominal wall (Fig. 2). On re- 
peated questioning he recalled having been hit on the left side 
with a wooden stick, 3 or 4 weeks before hospitalization. 

At laparotomy a large mass was found in the splenic area con- 
sisting of a ruptured spleen with a large subcapsular hematoma, 
the pseudocapsule which was extremely thick was composed 
of omental adhesions. Splenectomy and lysis of the adhesions 
was followed by full recovery without complications. 

The early septic course was probably due to the pulmonary 
infiltrate, however, we feel that the inflammatory changes of 
the hematoma were responsible for the late manifestations which 
persisted despite radiological clearing of the right pulmonary 
infiltrate and were only relieved after the splenectomy. 

The plain abdominal films were helpful as they demonstrated 
the large mass. Only then was the history of trauma obtained 
by direct questioning. This together with the X-rays suggested the 
proper diagnosis. The splenic scan corroborated the diagnosis in 
such a definitive way that angiography was not considered neces- 
sary prior to exploration. 

Case #3 M.R.: This 44-year-old white male, chronic alco- 
holic, cigarette smoker, was admitted to BVAH on December 
13, 1971 with hemoptisis, weight loss and dull left lower chest 
pain which radiated to the shoulder. Physical exam revealed 
signs of pulmonary consolidation of the left base with no ab- 
normalities in the examination of the abdomen. Chest X-rays 
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revealed a left lower lobe infiltrate with a small pleural effusion 
and an old compression fracture at T8. Sputum culture and cy- 
tology, bronchoscopy with brushings and bronchial w ashings 
were negative for malignancy or tuberculosis. Intravenous pyelo- 
gram and barium enema were normal, upper gastrointestinal 
series detected marked duodenal deformity consistent with pan- 
creatic carcinoma and the cytology of the pleural fluid demon- 
strated Class IV cells probably adenocarcinoma in origin. Skeletal 
survey was negative. The diagnosis of metastatic carcinoma of 
the pancreas was made and he was discharged after being told 
of his poor prognosis. He was asked to return to be considered 
for chemotherapy, when complete clearing of the lung infiltrate 
had occurred. 

On March 31, 1972 he was reamditted with severe left ab- 
dominal and lower chest pain, radiating to the shoulder, as well 
as anorexia and fever. The left upper quadrant of the abdomen 
was very tender to palpation and a large mass was now present. 
X-rays showed a small left pleural effusion with elevation of the 
hemidiaphagm on the same side. A surprising weight gain of 6 
lbs. prompted revision of the previous diagnosis. Upper gastro- 
intestinal series failed to corroborate the previous findings and 
was now suggestive of chronic pancreatitis, with “spiking” ir- 
regularites of the small bowel mucosa and multple calcifications 
of the pancreatic area. The stomach was displaced medially so 
that an enlarged spleen was suspected. Splenic 99mTc scan showed 
a small spleen with an obvious peripheral indentation. Arteriog- 
raphy demonstrated two large and well defined avascular areas 
(Fig. 3) one of them lateral to the spleen, displacing it medially 
and inferiorly; the other located inferior to it and occupying the 
left flank. The splenic artery was tortuous and the branches 
stretched, the shape and size of the spleen was distorted by the 
two masses. The capillary phase of the selective splenic arterio- 
gram revealed a diffuse blush in the 3 mm thick wall of these 
avascular masses. Echogram demonstrated the cystic nature of 
these lesions which were then interpreted as pancreatic pseudo- 
cysts secondary to pancreatitis (Fig. 4). 

At this time a history of trauma was obtained. Late in 1964 
he fell from a construction platform sustaining fractures of both 
os calcis for which he remained hospitalized for 3 months. Lap- 





Fic. 3. Selective splenic arteriogram showing displacement and 
compression of the parenchyma by two av ascular masses located 
lateral and inferiorly to the spleen. Branches of the splenic artery 
are stretched superiorly, 
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arotomy on March 27, 1972 identified two enormous masses filled 
with chronic liquified hematoma surrounding a ruptured spleen, 
the pancreas was indeed abnormal but no pancreatic pseudcysts 
were found. Splenectomy with drainage of the hematoma was 
followed by complete recovery. 

In retrospect, the diagnosis of pancreatic carcinoma was sup- 
ported by very thin evidence. The history of trauma six years 
before the onset of symptoms seems to be too remote to be con- 
sidered, especially in a chronic alcoholic, even though he re- 
peatedly denied other injuries. A definitive relationship withethat 
injury cannot be established, however, is not inconceivable that 
injuries of enough severity as to produce fracture of both os 
calcis may, also have damaged the spleen. 

Surprisingly, the angiography failed to show the typical feq- 
tures considered by others as pathogonomonic of occult rupture. 
This is especially disturbing because the spleen was definitively 
lacerated; the two large avascular areas seem to alter the shape 
of the organ only by compression although they did separate it 
from the abdominal wall. It is significant that the angiographic 
appearance in this case was more suggestive of multiple pan- 
creatic pseudocvsts. 

This case clearly illustrates some of the difficult features in the 
preoperative differential diagnosis of occult rupture of the spleen. 

Case #4 J.McQ.: This 47-year-old white male, alcoholic, 
first noticed mild crampy abdominal pain in October 1972. One 
week later he had severe left lower chest pain with radiation 
to the shoulder. Physical exam as well as chest X-rays and EKG 
were normal at this time. Four weeks later, he required admis- 
sion to a neighbor Community Hospital with severe pain, and a 
left pulmonary infiltrate with a small pleural effusion which 
cleared promptly after treatment with antibiotics. 

In mid-December he required admission to BVAH because of 
severe left lower thoracic pain aggravated by movements, malaise, 
night sweats, epigastric discomfort and weight loss of 12 lbs. 
Phvsical exam revealed a tender left upper quadrant without 
abdominal masses; a pleural effusion was confirmed on chest films. 
Thoracentesis revealed a transudate with negative culture, stool 
guaiac was one plus positive, hematocrit was 35%, sigmoidoscopy 
up to 18 cm, intravenous pyelogram and barium enema were 
normal. A repeat sigmoidoscopy was performed and a few hours 
later he developed signs of peritonitis suggesting the possibility 
of a traumatic perforation of the bowel which required emergency 
laparotomy. 

At surgery a large left upper quadrant mass was found. It sur- 
rounded and obliterated the splenic area, was fixed to the 
diaphragm and was contained by multiple omental adhesions. 
About 300 cc of dark peritoneal fluid were removed and later 
revealed no growth on culture. A biopsy of the wall of the mass 
was taken as the working diagnosis at that time was infiltrating 
malignant tumor. Later this was shown to contain only inflama- 
tory tissue. 

Upper gastrointestinal series done post-operatively demonstrated 
medial and anterior displacement of the stomach. Selective ar- 
teriography revealed multiple intrasplenic defects, separation of 
the spleen from the diaphragm and thrombosis of the splenic 
vein (Fig. 5). The echogram suggested the cvstic nature of this 
mass. 

On January 29, 1973 this large mass including the spleen, 
omentum, inflammatory pseudomembranes, and part of the tail 
of the pancreas was removed. One of the large retrogastric locu- 
lations was drained into the stomach and the procedure was 
completed by a gastrostomy, feeding jejunostomy and multiple 
sump drains. The fluid obtained was frankly purulent and later 
on grew Escherichia Cloacea. 

His postoperative course was complicated by a gastrocuja- 
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Fict 4. Longitudinal ab- 
dominal ultrasound B 
scan with the patient su- 
pine and the probe 9 cm 
to the left of the midline 
Shows two large echolu- 
cent areas which cor- 
respond to the avascular 
masses seen on arteriog- 
raphy. Each division rep- 
resents 3 cm and the 
vertical mark anteriorly 
was made at the level of 
the umbilicus. 


neous fistula controlled successfully by continuous suction drainage. 

The picture of peritonitis following sigmoidoscopy prompted 
emergency exploration for a suspected accidental bowel perfora- 
tion and prevented the completion of a more detailed work-up. 
This acute episode was probably produced by the rupture of a 
small inflammatory loculation. Without adequate preoperative in- 
formation about the lesion, any attempt at excision was postponed 
until a histological diagnosis could be obtained, since the pos- 
sibility of an infiltrating malignant lesion of the lymphoma type 
could not be eliminated. 

A significant history of trauma was not available in this pa- 
tient and his clinical presentation was nonspecific as is usual in 
these cases. 

The arteriogram demonstrated intrasplenic avascular areas and 
separation of the spleen from the diaphragm. Thrombosis of the 
vein was a very interesting feature which was also noted in one 
of the cases reported by Drapanas, et al.? Unfortunately a splenic 
scan was not part of the work-up because the inclination was 
towards the diagnosis of pancreatic pseudocyst. 

Even at laparotomy it was very difficult to differentiate be- 
tween a pancreatic pseudocyst and occult rupture of the spleen, 
mainly because of the secondary infection with abscess formation 
which increased the inflammatory changes. In addition, the pres- 
ence of a large retrogastric loculation similar to a pancreatic 
pseudocyst and several other smaller cavities, filled with purulent 
material made the interpretation difficult. 

It is impossible in this case to be certain of the diagnosis, but 
it illustrates the fact that pancreatic pseudocysts complicated 
by abscess and occult rupture of the spleen may have similar 
characteristics both clinically and at laparotomy and that a 
proper preoperative diagnosis is of extreme importance. Further- 
more, at the time of the first exploration the possibility of an 
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infiltrating malignancy was considered. This is another of the 
entities that must be ruled out if one is to avoid a radical ex- 
cision.? 


Diagnostic Features 


1. Laboratory 


Lorimer’ noticed a good correlation between the pres- 
ence of significant damage to the spleen and early leu- 
kocytosis, but this was not referred to in other more 
recent reports. In our patients the elevated white blood 
counts observed on admission were probably secondary 
to the inflammatory reaction present. 

Praguer!! found evidence of erythroid hyperplasia in 
the bone marrow with normochromic normocytic anemia, 
but bone marrow examinations were not carried out by 
other authors. Mild microcytic hypochromic anemia was 
seen in peripheral blood in all of our patients. 


Routine Radiology 


Elevation of the left hemidiaphragm with decrease 
range of motion of fluoroscopy, basal atelectasis and 
pleural effusion are indirect evidence of the presence of 
an inflammatory mass underneath the diaphragm, they 
are not specific radiological signs for the diagnosis of 
occult rupture. Indeed, they are frequently seen in cases 
of pancreatic pseudocyst which is a more common patho- 
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Fic. 5. Selective splenic arteriogram reveals two intrasplenic per- 
fusion defects (arrows) and separation from the left hemidia- 
phragm by an avascular mass. 


logical entity in this area. Old rib fractures or compres- 
sion fractures of thoracic vertebrae are indicative of 
previous trauma but these are commonly found in alco- 
holic patients who are just as frequently victims of 
chronic pancreatitis as they are of blunt abdominal 
trauma. 

Abdominal films may demonstrate abnormal densities, 
loss of the left psoas shadow, and displacement or in- 
dentation of the gastric air bubble, all indicating the 
possibility of a space occupying lesion. Barium contrast 
studies only confirm the displacement or extrinsic com- 
pression of the surrounding organs. Schorr et al.!* in 
1967 described the use of a left decubitus film after a 
barium meal to find excessive separation between the 
stomach and abdominal wall, especially in the area of 
the cardia. This abnormality correlated well with the 
presence of acute splenic hematomas, but this technique 
is seldom used today. 


3. Scintiscan 


Several radioactively tagged substances can be used 
to examine the spleen but the most commonly employed 
today is technetium 99 sulphur colloid (99mTc) which 
is taken up by cells of the reticloendothelial system. Since 
these cells have a homogeneous distribution throughout 
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the splenic parenchyma, the scan establishes the integ- 
rity of the organ when there is even distribution of 
radioactive counts. Red cells tagged with radioactive 
chromium?! have also been used. 

O'Mara and Evard reported excellent results with 
scanning techniques in the diagnosis of acute rupture 
of the spleen and liver. In 1967 Wener!* reported the 
first case of splenic hematoma diagnosed preoperatively 
by ?'Cr red cells scan and in 1972"? described the typical 
findings which suggest the diagnosis. According to him 
they are: 1) Central or peripheral defects of variable 
size and shape. 2) Delayed sequestration of ?'Cr tagged. 
red cells with increase in the area of uptake seen in 
follow-up scans. 3) Obvious disruption of the anatomy 
with fragmentation and 4) Peripheral defects which 
seem to separate the spleen from the abdominal wall. 

One significant disadvantage of this technique is its 
inability to show defects smaller than 2 cm? and to dif- 
ferentiate between infarcted areas, cysts or abscesses. 
These disadvantages are outweighed by the noninvasive- 
ness and the decreased amount of exposure to radiation 
in this technique. The 99mTc scan can be completed 
within one hour with ease, simplicity and minimal ex- 
pense once the equipment is available. 


4. Special Radiology 


Angiography has been used in the diagnosis of in- 
trabdominal bleeding secondary to trauma since the 
mid-1960's. In 1968 Berk! presented 25 cases in which 
angiography was diagnostic for acute splenic rupture 
and Solhhein and Oakhus published their experience 
with 62 cases in 1972.!* Brindle,? in 1972 described a 
series of angiographic signs of rupture establishing a 
correlation with the clinical severity of the lesion, from 
minimal parenchymal disruption, through intrasplenic or 
subcapsular hematomas, to massive fracturing with frag- 
mentation of the spleen. He stressed the importance of 
avascular areas, arterio-venous communications and ar- 
terial oclusions. He suggested that the demonstration of 
a peripheral defect in the sinusoidal phase of the splenic 
angiogram is indicative of a major injury. Such defects 
are frequent in patients who later have been shown to 
have occult rupture. Pollard!? in 1964 reported one of the 
first well documented cases of subcapsular hematoma 
diagnosed preoperatively by angiography; Maillary et al.* 
in 1971 added three new cases. 

The angiographic pattern associated with occult rup- 
tures was nicely described by Drapanas et al. in 1969. 
In their cases the most common findings were: 1) avas- 
cular areas in the periphery of the spleen with a 
“punched out” appearance; 2) tortuosity of the main 
artery with compression of hilar vessels; and 3) separa- 
tion of the spleen from the abdominal wall by a smooth 
filling defect. In one of the cases, early venous filling 
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due to an arteriovenous communication was seen and in 
another the splenic vein was thrombosed as in Case #4. 
. This procedure is associated with negligible risk and 

small morbidity. The equipment and specialized person- 
nel necessary for its performance makes the procedure 
expensive, but all of this is insignificant in comparison 
with the possibility of making a positive preoperative 
diagnosis. It is especially significant if a solid neoplastic 
lesion can be ruled out. | 


5. Ultrasonic Tomography or Echogram 

. Sound probing has been utilized lately in the investi- 
gation of abdominal masses to determine whether they 
are cystic or solid tumors as well as to determine their 
size and contourn. Solid neoplastic lesions may be identi- 


* fied in this way, but a differential diagnosis between 


chronic splenic hematoma and pancreatic pseudocyst is 
not possible (Cases #3 and #4). We have seen a patient 
in which the echogram suggested a solid content and yet 
only a large pancreatic pseudocyst full of blood was 
found at laparotomy. Clearly further experience is neces- 
sary with this technique. 


Discussion 


The integrity of the capsule determines the natural 
history of splenic injuries regardless of the severity of 
the initial trauma. In the great majority of cases (85%) 
parenchimal lacerations in which the capsule is torn are 
followed by free intraperitoneal bleeding. In the remain- 
ing 15%, the capsule is not lacerated initially, thus ex- 
travasated blood accumulates as a subcapsular hematoma 
and there is no evidence of intraperitoneal hemorrhage. 


s This subcapsular hematoma is the basic element respon- 


sible for the delayed and occult forms of splenic rupture. 
Delayed rupture occurs when bleeding continues into 
the hematoma, producing further increase in pressure 
and subsequent rupture of the already stretched, thin 
capsule, thereby producing signs of internal hemor- 
rhage.*943 Characteristically, the delayed forms have a 
latent period’ of variable length during which symp- 
toms are lacking. This latent period depends upon the 
rate of bleeding into the hematoma and can be shortened 
by another episode of trauma. __ | 

In the occult ruptures the hematoma persists but is 
contained by an intact capsule which is strengthened by 
multiple adhesions between it, the stomach, bowel and 
omentum. The hematoma may, on very rare occasions, 
organize and resolve by formation of a fibrous scar. 
Secondary infection with frank abscess formation can 


Ed also occur. Most commonly, these pseudomembranes pro- 


duce a clinical picture of chronicity with the mass tend- 
ing to increase in size and give symptoms of an expand- 
ing space occupying lesion. Inflamatory manifestations 
may be present quite early, but they are more com- 
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monly seen as a late event; their cause is not clear. This 
inflammatory reaction may easily be misinterpreted as 
infiltrating neoplastic disease especially of the sarcoma 
type?*" or'pancreatic pseudocyst as in our Case #4. 

The principal difference between delayed and occult 
forms is that in the first the diagnosis is made when the 
patient has intraperitoneal hemorrhage while in the sec- 
ond the presence of an inflammatory mass suggest the 
diagnosis ( Table 1). 

The cases reported here are good examples of the 
entity initially reported by Lorimer as occult rupture of 
the spleen and later, described by Drapanas. The out- 
standing clinical presentation is leftsided pain with radia- 
tion to the shoulder, in a patient who has had trauma. 
Although one of the main pathological elements of the 
disease is the presence of a mass, this often is palpable 
only late in the course of the illness. Earlier and proper 
diagnosis is necessary if one is to reduce the morbidity 
produced by delays as in Case #1, and to eliminate 
therapeutic and prognostic errors as in Cases #3 and 
#4, This is especially important because lesions of this 
nature are successfully treated by splenectomy with ex- 
cellent results. 

Clearly patients with multiple injuries or blunt ab- 
dominal trauma, regardless of its severity may benefit 
from attempts to investigate the integrity of the spleen. 
If a splenic injury remains occult, a prolonged illness 
with protracted and nonspecific clinical manifestations 
may develop. Short of laparotomy, this information can 
only be obtained by angiography or isotopic scanning. 

Previous experience with angiography indicated that it 
was the most reliable means for diagnosing splenic in- 
jury.13,8.10.13.14 Very recent reports? seem to indicate a 
good correlation between angiographic appearance and 
severity of the injury after blunt abdominal trauma sug- 
gesting that, in some instances, one could avoid surgery 
when the angiography revealed only signs of minor in- 
jury. However, information is not available as to how 
“minor” an injury has to be before it is certain that it 
will not progress into a chronic subcapsular hematoma 
and subsequently develop inflamatory changes. 

In our two patients with arteriograms, some of the 
accepted signs of rupture were present but the more 
impressive features suggested the diagnosis of pseudo- 
cyst. In Case #3, the spleen seemed normal in size and 


TABLE 1. Splenic Injury 


I. Laceration with free bleeding (85%) 
II. Subcapsular Hematoma (15%) 
1. Delayed Rupture (14%) 
2. Occult Rupture (1% or less) 
(a) Resolution 
(b)? Asymptomatic Mass 


(c) Inflamatory Mass 
(d) Abscess 
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was only displaced and compressed by the two large 
avascular areas. In Case #4 the spleen was not dis- 
placed, the major arterial system was normal and the 
shape and size were preserved, however, there were in- 
trasplenic avascular areas and the splenic vein was 
thrombosed. Fu and Stanton? in a paper on angiography 
of pseudocvsts of the pancreas stressed the importance 
of obstruction of the splenic vein as characteristic for 
the diagnosis of pseudocyst. Our experience is small and 
insufficient to justify definitive conclusions, but we would 
introduce a word of caution as far as the reliability of 
angiography in the differential diagnosis with pancreatic 
pseudocysts is concerned. 

On the other hand, the scans were very reliable in our 
experience and demonstrated well recognized signs of 
rupture in all cases when used. The combination of scans 
and echogram may be a good way to evaluate this prob- 
lem because of the speed, safety and simplicity of both 
techniques,’ especially in cases under observation after 
blunt trauma when the clinical presentation does not 
justify immediate laparotomy. More experience is neces- 
sary to correlate the signs in the scan with the angio- 
graphic appearance and the findings at surgery. 

The more frequent use of these diagnostic tools in all 
cases of left upper quadrant masses should reveal the 
additional information which is necessary to establish 
which technique or combination of techniques is more 
reliable in making specific diagnosis. For example such 
more frequent use should, also, help to characterize the 
differences between occult rupture and the more com- 
mon cases of chronic pancreatitis with pseudocysts. This 
differentiation is especially important since at the time 
of surgery resection is indicated and feasible in the 
former, while in the latter, internal drainage is the treat- 
ment of choice. Complications are to be expected if cases 
of occult rupture are drained only or if pancreatic pseu- 
docysts are resected. 


Summary and Conclusions 


The evidence presented suggests that splenic scan and 
angiography should be more readily utilized in patients 
with blunt abdominal trauma. The technetium 99 splenic 
scan is a simple and reliable test, it may give valuable 
information about the integrity of the spleen in patients 
recovering from blunt abdominal trauma which did not 
require laparotomy. 

The interpretation of the angiographic signs is difficult 
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and subtle, especially in the differential diagnosis with 
pancreatic pseudocysts. 


The possibility of occult rupture of the spleen must be 4 


considered in the differential diagnosis of patients with 
non-specific symptomatology related to the left upper 
quadrant of the abdomen, especially if a space occupying 
lesion is suspected and there is a history of trauma. 
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Air Embolus via CVP Catheter without Positive Pressure: 


HE EARLIEST OBSERVATION of the fatal potential of 
T intravenous air was described by the Italian nat- 
uralist Redi in 1667.9 Since that time fatal venous air 
embolism has been listed an infrequent complication of 
surgical procedures in every speciality. Overall mortal- 
ity following recognized air embolization seems to be 
greater than 50%.° The increasing use of central venous 
pressure to monitor critically ill patients!??? has caused 
some air emboli via this route. A number of cases in- 
advertently received a lethal dose of air during forced 
blood administration.!??* Debate has centered on the 
possibility of air embolism via large bore CVP catheters 
without external positive pressure. A recent example of 
this phenomenon in our own practice prompted a review 
of the literature ( Table 1). Six similar, well documented, 
cases are presented along with our own. 


Case Report 


A.H, was transferred to the Orthopaedic Service for physical 
therapy and care of decubitus ulcers due to progressive para- 
plegia secondary to inoperable tumor invading the spinal cord at 
the L4 level. 

On 10/14/72 the patient suffered massive pulmonary emboli- 
zation to the right lung. A #3112 "Intracath" was inserted per- 
cutaneously into the right subclavian vein to serve as a CVP 
monitor. Chest X-ray following CVP insertion was negative. 

On 10/18/72 the patient was placed on a "Circle-Electric" bed 
in 30° Fowlers position. She developed severe air hunger and 
generalized chest pain. Respiration was shallow at 40 per minute 
and proceeded to apnea. Blood pressure and pulse were unob- 
tainable. A loud "mill wheel" murmur was heard over the pre- 
cordium. At that time the CVP line was noted to be disconnected 
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at the “Intracath” hub. It was reattached. The patient was placed 
in 45° Trendelenberg, and the murmur ceased. She was then 
rolled into the left lateral decubitus position. Blood pressure rose 
to 120/70 and pulse to 108. EKG revealed only sinus tachycardia. 
Chest X-ray, in the left lateral decubitus, demonstrated air in the 
heart (Fig. 1). At that time an unsuccessful attempt was made to 
aspirate air via the CVP catheter. 

On 10/19/72 the patient was brought to horizontal in the 
supine position. She experienced symptoms similar to those of 
the previous day and the “mill wheel” murmur was heard once 
more. Her symptoms and the murmur subsided with reposition- 
ing. X-ray in the left lateral decubitus-Trendelenburg position 
again demonstrated air in the right heart. One day later X-ray 
showed resolution of the intracardiac air. The patient was suc- 
cessfully moved to the supine position and later transferred to a 
nursing home as a wheel chair patient. 


Discussion 


1. Rate of Administration and Total Dose 


In animal experiments performed in 1811 Nysten”* 
found that a dog tolerated intravenous injections of 20cc 
of air every 3 minutes, but 30cc to 40cc per minute was 
invariably fatal. Oppenheimer” estimated the average 
lethal dose for dogs in the supine position as 5.0 to 7.5 
cc/kg. Rates of injection varied from 1 to 5 seconds. 
Dogs are noted to be symptomatic at doses of Icc/kg 
with rapid injection. Extrapolating these results to man 
suggests that the symptomatic rate of injection of intra- 
venous air would approximate 20cc/sec. The average 
lethal rate of injection should fall between 70cc/sec and 
105cc/sec. 

The actual LDz, for humans of intravenous air is not 
known. In 1902 Mariani? treated a patient with injection 
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TABLE 1. Atr Embolism via Large Bore CVP Catheters without External Positive Pressure: A Review of the Literature: 
Author Circumstance Therapy Comment 
1. Levinski!4 During insertion of CVP in high Cardiopulmonary resuscitation Deceased 
Fowler position . 
2. Hoshal" Detached CVP hub while confused Cardiopulmonary resuscitation Sucessful 
3. Hoshal!! Accidentally detached CVP; no recumbancy Vital signs stabilized 
arrest 
4. Lucas! Dislodged CVP hub during dressing cardiopulmonary resuscitation Deceased 
change d 
5. Flannagan? During insertion of CVP in semi- cardiopulmonary resuscitation Deceased 
Fowler position 
6. Johnson" Several minutes after CVP insertion cardiopulmonary resuscitation Successful 


in Trendelenburg 


positional 





of 160cc of air per hour. The patient was unharmed. In 
a 1916 series of 3 patients,?' the “therapeutic” dose was 
reported as 10cc/min and the “toxic” dose as 20cc/min. 
As little as 200cc of air has been described in the right 
heart at autopsy following fatal air embolization.!^ The 
rapid injection of a calculated dose of 100cc from an im- 
properly vented blood bag has been fatal?* to a patient 
under nitrous oxide anesthesia. It has been pointed out 
that the volume of the bubble reaching the heart was 
about 200cc.?? 


2. Attainable Rates of Administration 


The rate of air flow through large bore needles across 
known pressure gradients may be calculated by 
Poiseuille’s formula. Similar calculations are in agreement 
with experimental data on flow through straight tubes.'.'? 
Analysis of the equation underscores two important fac- 
tors affecting the theoretical flow rate. These are the 
needle bore and the length of the tube. Figure 2 and 3 
represent theoretically attainable flow rates through com- 
mercially available CVP sets. 

This range of pressure gradients is considerably greater 
than can be attained in vivo. The Muller maneuver is 





Fic. l. Portable chest x-ray in the left lateral decubitus position 
demonstrating intracardiac air. 


reported as producing a negative intravenous pressure of 
Sem of H:O. Maintenance of this gradient would be dif- 
ficult except in cases of severe airway obstruction. 

The rate of flow at the needle orifice is only a first 
order approximation of the dose rate to the right heart. 
In our case, the second episode of symptomatic embolus 
was precipitated by intracardiac pooling of a dose re- 
ceived the day before. A similar, but fatal example is 
described by Ericsson.* Presumably, the air can pocket 
in the venous system until it suddenly “burps” as a single 
bolus into the mainstream of the circulation. By this 
mechanism, rates of flow which are in themselves sub- 
lethal may cause death. 


3. Diagnosis and Treatment 


Early diagnosis of this condition is essential as death 
can occur within minutes. A high index of suspicion is 
indicated in any patient with a CVP cathether and sud- 
den cardiovascular collapse. The syndrome of loss of 
blood pressure, tachypnea proceeding to apnea, diffuse 
pulmonary wheezes and a "mill wheel" murmur is con- 
sidered pathognomonic.!? 

Death by air embolus arises from obstruction of the 
pulmonary arterial out-flow tract by air bubbles.?* Froth- 
ing at the pulmonic valve probably causes the charac- 
teristic heart sound? The Durant maneuver tends to 
displace air away from the outflow tracts,” as does the 
steep Trendelenburg position. A combination of these 
two maneuvers clears not only the pulmonic valve but 
the tricuspid as well. Air then pockets in the apex and 
in the inferior vena cava. In 93 reported cases of air 
embolism? mortality was reduced from 88% to 33% simply 
by employing the left lateral decubitus position. 
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Aspiration of the air bubble via the CVP catheter has 
.been described.!??9 Hyperbaric oxygen has been sug- 
gested as a method of decreasing the size of the air 
bubble according to Boyles law and Fick’s principle.” 

Nitrous oxide anesthesia has caused a rise in mortality 


from air embolism in rabbits by a factor of 3.4.?? This 


effect is secondary to diffusion of soluble blood gasses 
into the air bubble enroute to the heart.?! It is suggested 
that this anesthetic be discontinued at the earliest sus- 
picion of venous air embolus. 

Cardiopulmonary resuscitation including oxygen, vaso- 
pressors and closed heart massage is employed relatively 
late in the rapid course of events. 


4, Prevention 


The period of greatest risk occurs during insertion of 
the CVP catheter. At this time, the largest bore needle 
is in the vein and the hub is necessarily disconnected for 
a short time. Risk during insertion is reduced by posi- 
tioning the patient in Trendelenburg." A pillow may 
also be placed beneath the patient making the site of 
entry most dependent? Adequate hydration is useful in 
decreasing the pressure gradient at the tube exit.’ 

The importance of needle bore and length is illustrated 
above. The time required to instill 200cc of air is ap- 
proximately 5 times greater via a 25 cm long catheter 
than via a 5cm needle of the same bore. It is suggested 
that the longest catheter of the smallest suitable inside 
diameter should be employed. The use of “luer-loc” hub 
should reduce the risk of late disconnection of the CVP 
apparatus. 


Summary 


A recent case of intravenous air embolism has prompted 
a review of the literature concerning the subject. Six 
cases of air embolus via CVP catheter without positive 
pressure were found. 

The estimated lethal dose of intravenous air is ap- 
proximately 200cc when delivered at a rate of 70cc to 
105/cc/sec. These flow rates are theoretically attainable 
as calculated by Poiseuille's formula. Lethal air embolism 
is less likely to occur through long tubes of small internal 
diameters. The Durant maneuver, whereby the patient is 

laced in the left lateral decubitus position, remains the 
most effective immediate treatment for intravenous air 
embolism. 
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Effect of Lymphocytotherapy on the Course of 


Experimental Pseudomonas Sepsis. 


RAM-NEGATIVE SEPSIS is a major clinical problem in 

the management of debilitated surgical patients. 

The advent of the newer antibiotics has not eliminated 

this problem, and there is evidence that immunological 

alterations in the host defense may underlie many condi- 

tions in which fatal gram-negative sepsis is commonly 
encountered. 

Major burns represent an example of severe immuno- 
logical debilitation, and many details of the sites of im- 
pairment are now known.!!. Alterations in the inflamma- 
tory reaction? reticuloendothelial system function, and 
neutrophil intracellular killing power! all occur after a 
major burn, but suppression of lymphocyte function, 
which is severe, appears to be central to the problem of 
immune defense in the thermally injured host." An at- 
tempt to approach this problem by lymphocytotherapy 
in an experimental setting would therefore appear to be 
reasonable. The current experiments were designed to 
try to influence the outcome of fatal sepsis in a Pseu- 
domonas-infected, burned rat model by use of preim- 
munized splenic lymphocytes. We found that, although a 
significant reduction of mortality could not be achieved, 
a consistently favorable change in the natural history of 
this lethal infection and prolongation of survival occurred 
which encourage further study in the area. 


— 
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Materials and Methods 


Animals. 


Sprague-Dawley rats, weighing 180-200 gm, kept in 
individual cages and allowed food and water ad lib. 
were used in all experiments. Because these animals are 
not strictly inbred, histocompatibility between donors 
and recipients was ensured by nonreactive mixed lym- 
phocyte reactions. 


Burning and Inoculation of Recipients. 


Recipients were anesthetized with pentobarbital, 
shaved, and subjected to a standard 20% scald burn 
according to the method of Walker and Mason.!5 These 
animals were then inoculated either immediately post- 
burn or some time afterwards (see below) with varying 
doses of Pseudomonas aeruginosa Strain 8283 (obtained 
by courtesy of Dr. R. Lindberg from the U.S. Army 
Institute of Surgical Research and carried in our own 
laboratory.) This strain corresponds with immunotype 3 
of Parke-Davis laboratories and also cross reacts with 
immunotype 7;* hemagglutinin titers were measured in 
the sera of animals against these two immunotypes. 


Immunization of Donors and Processing of Spleen Cells. 


The strain of Pseudomonas used gives a readily re- 
producible model of sepsis in the rat. Uniformly fatal 
when inoculated on the burn surface in a dose of 108 
organisms, the mean survival time lengthens and mor- 
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MORTALITY PATTERN OF BURNED RATS INOCULATED 
WITH 10 PS. AERUGINOSA STRAIN 8283 
(Mean Day of Death Shown) 
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Fic. 1. Basic mortality model. As the burn-inoculation interval is 
lengthened, the mean day of death occurs later and the mor- 
tality is progressively lower. 


tality rate falls until, at a burn-inoculation interval of 48 
hours, the mortality reaches zero. This basic model is 
illustrated in Fig. 1. The organism is highly sensitive to 
Carbenicillin in vitro. 

For immunization, Pseudomonas was killed with Phe- 
nol according to the method of Laborde and Fajardo,’ 
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then inoculated into groups of donor rats according to 
the following schedule: Day 0, 0.5 x 10* organisms in 
Freund's complete adjuvant injected into each hind foot- 
pad; day 7, day 14, and day 28, 10* organisms injected 
intraperitoneally without adjuvant. Spleens were re- 
moved for cell processing and treatment on day 35. 
The above immunization schedule gives rise to increasing 
hemagglutinin titers as shown in Fig. 2. 

Spleens were removed aseptically, minced with scis- 
sors, pressed through 100-gauge mesh, suspended in TC 
199 medium, and washed three times. Viability of cells, 
as judged by trypan blue exclusion, was consistently 
above 90%. Cells were then diluted in TC 199 medium 
to provide the final dose to be injected in 0.5 ml of 
medium and given to recipients intraperitoneally. Con- 
trols received medium only. 


In vitro Studies of Donor Spleen Cells and. Histological 
Studies. 


Spleen cells from immunized rats were studied for 
responsiveness in culture to phytohemagglutinin ( PHA) 
and phenol-killed Pseudomonas, bv standard techniques. 
Sections and suspensions of spleen cells from immunized 
and control rats were also examined with procedures for 
immunocytochemical visualization of immunoglobulin by 
light and electron microscopy. Cells containing IgG were 
localized by the fluorescent antibody method at the light 
microscope level and by an immunoglobulin-peroxidase 
bridge procedure at the light microscope and ultrastruc- 
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tural levels.!? Our principal objective here was to deter- 
mine the morphological changes between immune and 
non-immune spleens and to determine whether any 
changes noted were principally in the bursa-dependent 
or thymic-dependent lymphocyte population, plasma 
cells, macrophages, or neutrophils. 

Autopsy studies of control and experimental rats were 
also carried out. 


Antibody Titers of Recipient Rats. 


Moribund animals in both groups were heart punc- 
tured and hemagglutinin titers against immunotypes 3 
and 7 determined in the same manner used for the de- 
termination of titers in the donor rats. This was done to 
see if any measurable antibody activity had been trans- 
ferred along with the spleen cells despite washings, and 
to detect antibody production by the transferred cells. 


Experimental Groups. 


In preliminary studies, the effect of therapy with 
healthy spleen cells obtained from unimmunized donors, 
therapy with intraperitoneal phytohemagglutinin, and 
with saline, were studied. As all of these modalities of 
therapy resulted in essentially no effect, and have been 
previously reported,'? they will not be detailed here. The 
current experiments utilized donor rats which had all 
been immunized as described above. 

There were seven groups in the series, each with its 
own control, and there were 15-20 rats in each group. 
The groups were set up as follows: 

Group 1—Burned, inoculated with 108 Pseudomonas 
immediately postburn, and treated daily for 7 days with 
107 spleen cells in TC 199 medium. Controls were simi- 
larly burned and inoculated, but received medium only 
as treatment. 
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Fic. 3a. Group 1. 108 immediate inoculum, 107 spleen cells 


x 7 days. 
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Fic. 3b. Group 2. 105 inoculum with 20-hour delay, 107 spleen 
cells x 7 days. 


Group 2—The burn-inoculation interval was length- 
ened to 20 hours, otherwise same as Group 1. 

Group 3—Burn-inoculation interval of 6 hours, other- 
wise identical to Group 1. 

Group 4—Same as Group 3, but with the duration of 
therapy lengthened to 10 days of daily injections in- 
stead of 7. 

Group 5—Burned, inoculated immediately with 10° 
Pseudomonas, treated for 7 days with 107 spleen cells; 
in addition, both experimental and control animals re- 
ceived Carbenicillin 66 mgm i.p. daily for the first five 
postburn days. 

Group 6—Burned, inoculated immediately with 105 
Pseudomonas, and treated daily for 10 days with 10* 
(instead of 10*) spleen cells. 

Group 7—In this group, the dose of inoculum was 
lowered, Rats were burned, inoculated immediately with 
10° organisms, then treated for 7 days with 107 spleen 
cells. 

In all the above groups, a comparable number of con- 
trols received medium i.p. for the same duration of time 
as the experimentals which received cells. 


Statistical Analysis. 


We desired to apply a method of analysis which would 
show both the end results of the experiment and valid 
trends in the pattern of mortality. Our analysis was there- 
fore planned in a threefold way. All data were expressed 
as the mean day of death within a group, and the follow- 
ing obtained: 1) Overall mean day of death with ex- 
perimentals and controls compared by Student's T-test; 
2) Overall death rate, with experimentals and controls 
compared by X? analysis; 3) Death rate at the point of 
termination of treatment with spleen cells, experimentals 
and controls compared by X? analysis. à 
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-Fic. 3c. Group 3. 10? inoclulum with 86-hour delay, 107 spleen 


cells x 7 days. 


Results 


The mortality curves for each group are set out in 
Figs. 3a-3g, with the data and statistical analysis shown 
in Table 1. There is a uniform and consistent pattern of 
death, with the controls in all groups always beginning 
to die earlier and at a more rapid rate then correspond- 
ing experimentals. The mean day of death is significantly 
prolonged in the treated rats of groups 1, 3, 6 and 7; 
the survival rate taken on the final day of therapy is 
significantly higher among treated rats of groups 1, 3 
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Fic. 3d. Group 4. 108 inoculum with 6-hour delay, 107 cells 
x10 days. 


and 7. The overall survival rate, however, is not signifi- 
cantly increased between treated and control rats of any 
group. The overall mortality rate in Group 2 (20 hour 
burn-inoculation interval) was so low in both experi- 
mentals and controls that statistical analysis could not 
be applied to this group. We were disappointed with 
the results of Groups 4 and 6, since, judging from the 
increased survival rate at the end-point of treatment in 
Groups l and 3, we had hoped that prolongation of 
therapy from 7 to 10 days would bring about a reduc- 
tion in overall mortality. This, however, did not even- 
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Fic. 3f. Group 6. 10% immediate inoculum, 10% spleen cells x 10 
days. 


tuate. The possible reasons for this will be discussed 
below. 

The results of in vitro stimulation of spleen cells by 
phenol-killed Pseudomonas and by phytohemagglutinin 
are shown in Table 2. There is a significant response to 
stimulation by both antigens. 

The histologic distribution of immunoglobulin-G con- 
taining cells in the rat spleen could not be appraised 
with the fluorescent immunostain because of the promi- 
nent autofluorescence of lipofuscins in splenic macro- 
phages but was clearly delineated in sections immuno- 
stained with the immunoglobulin-peroxidase bridge pro- 
cedure. In the latter sections the immunocytes formed a 
prominent cuff or lay clustered near the edge of lymph- 
oid nodules at the border between white and red pulp 
and, to a lesser extent, bordered the penicillar arteries. 
Microscopic analysis of the spleen from an animal sacri- 
ficed at day 35 of the immunization schedule and from a 
comparable nonimmune spleen is shown in Table 3. An 
increase in the bursa-dependent cell population is noted 
in this experiment, although similar results were not seen 
in animals splenectomized at later times. Macrophage 
counts remained statistically unaffected in the two cate- 
gories. Neutrophil counts were not compared because 





TABLE 1. 
Group No. Experimental Comin — — t mE 

1 11.1 + 1.2 6.4 43- 0.9 3.05 
2 16.0 14.0 

3 11.5 + 1.2 86+ 0.7 O © 
4 13.1 41.7 10.8 + 1.2 N.S. 
5 18.8 + 2.5 13.4 4-2.4 N.S. 
6 8.5 + 1.0 6.6 40.5 3.0 
7 7.3 3: 0.5 5.0 4: 0.3 4.8 
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Fic. 3g. Croup 7. 107 immediate inoculum, 107 spleen cells x 7 
days. 


total counts were consistently under 1% of the total. Our 
attempts to identify changes in the immunoglobulin-M 
carrying cells and the thymic-dependent lymphocyte 
population, and the detailed electron microscopic changes 
observed in these spleens will be reported elsewhere. 

Autopsy and light microscopic studies of the burn 
wound and internal organs of control and experimen- 
tal rats failed to reveal any significant morphologic dif- 
ferences. 

The hemagglutinating antibody titers of treated and 
control rats against the immunotypes crossreacting with 
our strain 8283 of Pseudomonas are shown in Table 4. 
Apart from the slight Immunoglobulin-M response noted 
in the control animals, there is essentiallly no measurable 
response. This is not surprising, since the animals by and 
large died too soon after inoculation to show a primary 
response; it does, however, give us some assurance that 
a significant amount of antibody was not transferred pas- 
sively with the donor spleen cells. 


Discussion 


The consistent pattern of slower death in the treated 
animals offers some promise that some degree of im- 
munological protection, albeit incomplete, may be ob- 


Results and Statistical Analysis of Experimental Groups, Survival in Days, Mean + SE 


ausu rrr rire iei I anat masas ere apo tranne vertere Pee retrum erm He a tator eT 


p x p X* p 

« 0.001 38 «0.01 N.S. — 
(numbers insufficient) ves n 
«0.05 N.S. — N.S. — 
— 4.5 «0.05 N.S. — 
— N.S. — N.S. — 
«0.01 N.S. — N.S. — 
«0.001 6.0 « 0.05 N.S. — 
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tained with the methods used in the present model. The 
failure to influence the overall survival rate might be 
explained by the overwhelmingly fatal nature of this 
particular strain of Pseudomonas used in doses of 108 
or 10,7 were it not for the fact that using the reduced- 
mortality model (by prolonging the burn-inoculation in- 
terval to 6 and 20 hours) the mortality curves, although 
lower, did not differ significantly between control and 
experimental groups. One possibility is that multiplica- 
tion of Pseudomonas takes place locally in the eschar 
until invasive levels are reached, at which time the infec- 
tion is once more capable of overwhelming the defense 
mechanisms of the host. To test this hypothesis we are 
currently using reduced inoculum size and also giving 
spleen cells subeschar instead of intraperitoneally, Our 
inability to influence the eventual outcome of infection 
by prolonging the duration of therapy also needs ex- 
planation, and currently we do not have a good one. It 
has occurred to us, however, that despite the negative 
mixed lymphocyte reaction, since these rats are not in- 
bred, a graft-versus-host ( GVH) reaction may be taking 
place which is contributing to the mortality of the recipi- 
ents. It would be most interesting to treat these infected 
animals with transfer factor derived from the immunized 
spleen cells, thus obviating the possibility of the GvH 
reaction, and we are planning to do this also. 

Other workers have described protective effects in 
septic animals from the administration of peritoneal 
macrophages,? phytohemagglutinin,? and estrogens?’ in 
various models. The administration of healthy human 
granulocytes has already had a promising clinical trial;? 
in infections clearly associated with a thymic-dependent 
lymphocyte defect, such as lepromatous leprosy, the use 
of transfer factor appears to be capable of a certain 
degree of immunological restoration.” The question there- 
fore arises as to which component of the immunized 
spleen was responsible for the protective effects noted in 
our experiments. It is unlikely to be neutrophil leuco- 
cytes, since the numbers are very small; similarly, it is 
unlikely to be macrophages, since we could not detect 
significant changes in the macrophage population be- 
tween the ineffective non-immune spleen cells (de- 
scribed in the preliminary experiments) and the im- 
munized spleen cells. This leaves the possibility of 
passive transfer of antibody and of transfer of lympho- 
cytes. Although we washed cells carefully and were un- 
able to demonstrate increased antibody titers, the pos- 





l TABLE 2. Efect of Antigenic Stimulation on Immune Spleen Cells 
j^ (5 X 10° cells in culture) 
Resting 
Control Phytohemagglutinin Pseudomonas 5X 105 
Counts per 
minute 647 + 23 728 + 3 
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Staining Characteristics of Spleen Cells Mean Counts of 
10 Fields of 500 Cells Each 
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TABLE 3. 


Normal Spleen 
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Peroxidase bridge stain for Immunoglobulin G 


10.9 + 1.9 20-5 sb 1:9 «0.05 
Basic Dye Stain for Plasma Cells 

12:24 1.2 19. $ E «0.05 
PBPAS* Stain for Macrophages 

31.3 + 3.8 44.7 4x 2.9 NS. 


t-test y tara A rrr rn atari erem ee arra riae a Abt aan aaa arr er el TA PEER A RST 
—ÓÀ —— 


* Prussian blue-periodic acid Schiff sequence. 





sibility of passive antibody transfer cannot be entirely 
excluded. Protection against death in animals which 
were immunized but in which no increase in antibody 
levels could be demonstrated has been definitely docu- 
ented.?!* However, the increase in the immune spleens 
in immunoglobulin-bearing cells is impressive. If the 
effect noted were due to B-cell or plasma cell transfer, 
one would perhaps expect an effective rise in the serum 
antibody level, made by the transferred cells, and this we 
were unable to demonstrate. There remains the intrigu- 
ing possibility that the effects noted were due to transfer 
of T-cells, or thymic-dependent lymphocytes. An imme- 
diate objection to this theory is that there is no current 
evidence that protection against Pseudomonas aeruginosa 
requires the presence of T-cells. Despite this, the increas- 
inglv frequent demonstrations for the necessity of T-B 
cooperation in a wide variety of infections? and the well 
documented fact that T-cell depression is one of the 
immunological hallmarks of thermal injury? lend some 
credence to this possibility. 

The use of lymphocytotherapy to combat sepsis in con- 
ditions where a depression of lymphocyte reactivity can 
be clearly documented is intriguing. There is an obvious 
need to widen animal models and range of micro- 
organisms to the point at which the minimal protection 
we have demonstrated can be improved upon, and many 
other questions remain to be investigated. Among these 
is whether strict histocompatibility between donor and 
recipient is a prerequisite to avoid graft-versus-host reac- 
tions, the possibility of the use of xenogeneic cells, the 
use of transfer factor, and, most important perhaps, 
whether a population of lymphocytes can be made cross- 
reactive to a wider range of organisms than antibody- 
containing sera. 





TABLE 4. Reciprocal Hemagglutinin Titers of Sera from Treated 
and Control Rats 
Immunotype 3* Immunotype 7* 
Total IgG fraction Total IgG fraction 
Treated <4 <4 <4 <4 
Control 42 <4 4 <4 


Pet (€ aaa a nm RA ETT HT n MEI a ra rpm enn tini YS er i tata INVI o rere rer Ae a aa 


* Our experimental strain Pseudomonas 8283 is identical with 
Immunotype 3 and cross-reacts with Immunotype 7. 
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Summary 


The administration of splenic lymphocytes from rats 


immunized with a strain of Pseudomonas aeruginosa to 
other rats burned and infected with the or ganism has à 
favorable effect on the natural history of this lethal in- 
fection, but does not, in the current model, prevent even- 
tual death of the animal. Although an increase in serum 
antibody titer of the recipients could not be demon- 
strated, enhanced B-lymphocyte activity was noted in 
the donor spleens. The implications of these findings and 
avenues for further work are discussed. 
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on the surgical service... 


Keflin I.V. 


sodium cephalothin 


2 Gm. * in 100-ml. ampoule 


lO years of 
clinical 
experience 


Keflin was made available for 
clinical investigation early in 1962 and 
was marketed on September 4, 1964. 














Since the introduction of Keflin, 

the susceptibilities of commonly 
encountered organisms, as measured 
by in-vitro methods, have not changed 
significantly. See brief summary 

for indications. 
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*equivalent to cephalothin 


Please turn page for summary 
of prescribing information. 
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Brief Summary. 


Consult the package literature for prescribing information. 


Actions: Keflin® (sodium cephalothin, 
Lilly) is a broad-spectrum antibiotic. 
Following a single 1-Gm. intravenous 
dose, blood levels have been about 30 
mcg. per ml. at fifteen minutes. Dos- 
ages of 2 Gm. given intravenously over 
a thirty-minute period have produced 
serum concentrations of 80to 100 mcg. 
per ml. one-half hour after the infusion. 

The antibiotic passes readily into 
body fluids, e.g., pleural, joint, bile, and 
ascitic fluids. 


Indications: Keflin is indicated for the 
treatment of serious infections caused 
by susceptible strains of the designated 
micro-organisms in the diseases listed 
below. 


Respiratory tract infections caused 
by Diplococcus pneumoniae, 
staphylococci (penicillinase and 
nonpenicillinase-producing), group 
A beta-hemolytic streptococci, 
Klebsiella, and Hemophilus influ- 
enzae 


Skin and soft-tissue infections, in- 
cluding peritonitis, caused by 
staphylococci (penicillinase and 
nonpenicillinase-producing), 
group A beta-hemolytic strepto- 
cocci, Escherichia coli, Proteus 
mirabilis, and Klebsiella 


Genito-urinarytract infections caused 
by Esch. coli, Pr. mirabilis, and 
Klebsiella 


Septicemia, including endocarditis, 
caused by D. pneumoniae, staph- 
ylococci (penicillinase and non- 
penicillinase-producing), group A 
beta-hemolytic streptococci, 


Streptococcus viridans, Esch. coli, | 


Pr. mirabilis, and Klebsiella 


Gastro-intestinal infections caused 
by Salmonella and Shigella species 


Meningitis caused by D. pneumoniae, 
group A beta-hemolytic strepto- 
cocci, and staphylococci (penicil- 
linase and nonpenicillinase-pro- 
ducing) 

Bone and joint infections caused by 
staphylococci (penicillinase and 
nonpenicillinase-producing) 








Contraindication: Previous hypersensi- 
tivity to cephalosporins. 


Warnings: BEFORE CEPHALOTHIN THER- 
APY IS INSTITUTED, CAREFUL INQUIRY 
SHOULD BE MADE CONCERNING PREVI- 
OUS HYPERSENSITIVITY REACTIONS TO 
CEPHALOSPORINS AND PENICILLIN. 
CEPHALOSPORIN C DERIVATIVES SHOULD 
BE GIVEN CAUTIOUSLY IN PENICILLIN- 
SENSITIVE PATIENTS. 

SERIOUS ACUTE HYPERSENSITIVITY 
REACTIONS MAY REQUIRE EPINEPHRINE 
AND OTHER EMERGENCY MEASURES. 

There is some evidence of partial 
cross-allergenicity of the penicillins and 
the cephalosporins. Severe anaphylac- 
toid reactions have been reported with 
both drugs. 

Patients with allergy and hypersensi- 
tivity should receive antibiotics cau- 
tiously and only when necessary. 

Usage in Pregnancy—Safety for use 
during pregnancy has not been estab- 
lished. 


Precautions: Patients should be fol- 
lowed carefully to detect any side- 
effects or drug idiosyncrasy. If an al- 





lergic reaction occurs, discontinue the 
drug and treat the patient with usual 
agents. 

Although alteration in kidney func- 
tion is rare, evaluation of renal status 
is recommended. Patients with im- 
paired renal function should be placed 
on a reduced dosage schedule to pre- 
vent excessive serum concentrations. 
Consult prescribing information. e 

If thrombophlebitis or superinfection 
occurs, take appropriate measures. A 
false-positive reaction for glucose in the 


urine has been observed with some e 


tests but not with Tes-Tape® (urine 
Sugar analysis paper, Lilly). 


Adverse Reactions: Maculopapular rash, 
urticaria, pain, induration, tenderness, 
elevation of temperature, reactions re- 
sembling serum sickness, anaphylaxis, 
eosinophilia, drug fever, neutropenia, 
thrombocytopenia, hemolytic anemia, 
thrombophlebitis, transient rise in 
SGOT and alkaline phosphatase, rise in 
BUN, decreased creatinine clearance, 
and a positive direct Coombs test have 
been reported. [071873] 
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CLORPACTIN WCS-90- 


brand of sodium oxychlorosene 


Broad antimicrobial spectrum including Gram-negative and Gram-positive >rganisms, viruses, 
yeast, mold and fungi. No systemic toxicity or development of sensitivity or allergenicity in 
the recommended concentrations for: 


Irrigation of the peritoneal cavity to neu- 
tralize purulent material and to destroy 
viable micro-organisms that could cause 
infection. 


As a wet dressing post-operatively in plas- 
tic surgery to prevent post-surgical in- 
Tei (Tel d 


Irrigation of chronically infected sinus 


tracts, fistulae, empyemas. 


Cleansing and sterilization of the bowel, 
prior to resection, in cases of surgery of 
the unprepared bowel 


Write for complete brochure on Clor- 
pactin WCS-90. 


PHARMACEUTICAL DIVISION 


GUARDIAN CHEMICAL CORPORATION 
230 MARCUS BOULEVARD e HAUPPAUGE. L. |.. 


NEW YORK è 11787 
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After several hours in the O.R., gloves can become 
a problem for you. You have enough on your mind without 
worrying about hand fatigue, tearing or poor sensitivity. 


Try TRAVENOL Surgeon's Gloves... 
the “problem solver.” 


TRAVENOL Surgeon's Gloves are made of strong, 

but thin latex which provides dependable durability 

ana strength without sacrificing sensitivity. 

And a unique patented TRAVENOL mold forms gloves that 
reduce the stress across your palm and 

lessen the strain on your thumb during long procedures. 


CAUTION: After donning, remove powder by wiping 
gloves thoroughly with a sterile wet sponge, sterile wet 
towel, or other effective method. 


TRAVENOL LABORATORIES, INC. 


Deerfield, Illinois 60015 





Microbicidal Power 


BETADINE Ointment 


Now...a variety of sizes to meet a variety of needs 


Packette 1/32 oz. 

Single-use size for degerming small skin 
areas, as inthe case of umbilical cord care 
and circumcision. 


Packette 1/8 oz. 

Single-use size for degerming small skin 
areas, as in the case of hyperalimentation 
and catheter care. 








Tube 1 oz. 

Multiple-use size for treating common skin 
infections... preventing infection in lacera- 
tions, abrasions and burns. 


Jar 1 Ib. 

Heavy-use size for treating infected stasis 
ulcers... burns...extensive skin areas or 
prolonged treatment. 


gg broad-spectrum microbicidal action — kills 

both gram-positive and gram-negative bac- 

teria (including antibiotic-resistant strains), 

fungi, viruses, protozoa and yeasts 

gg virtually nonirritating...does not stain skin 

and natural fabrics 

gg does not block air...site can be bandaged 
. Water-soluble, washes off easily...not 








 povidone-iodine 
fs PTIC-GERMICIDE - -~ greasy or sticky...exerts prolonged action 


WT. 16 OUNCES (1 LB.) 





Purdue F rederick SEADIS S microbicides 


© COPYRIGHT 1973, IHE PURDUE FREDERICK COMPANY Chosen by NASA 
NORWALK, CONN. 06856 A7228 133673 
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- ompazi 


IE ing 


Tablets—5, 10 and 25 mg. 
Spansule® capsules—10, 15, 30 and 75 mg. 
Injection—5 mg./ml. 

Suppositories—2 75^, 5 and 25 mg. 
Concentrate— 10 mg./ml. 

Syrup—5 mg./5 ml. 

Single Unit Packages—5 and 10 mg. tablets 
and 10, 15 and 30 mg. Spansule® capsules 


‘Compazine’ is a phenothiazine derivative with 
effective antiemetic activity. This antiemetic 
property is attributed to the action of Compazine' 
on the medulla. Specifically, it selectively inhibits 
the chemoreceptor trigger zone (CTZ). Such in- 
hibition is believed to reduce input to the vomiting 
center to sub-threshold levels, producing prompt 
control of emesis from causes working through 
the CTZ (e.g., infections, drug toxicity, irradiation 
therapy). 








brand of 


prochlorperazine 


fast /dependable /effective 
control of severe 
nausea and vomiting 


To avoid confusion with 25 mg. adult suppositories, 


prescriptions for 2 1⁄2 mg. suppositories should be 
written for “2⁄2 mg.” rather than “2.5 mg.” 





Before prescribing, see complete prescribing information 
in SK&F literature or PDR. The following is a brief summary. 


Indications 

Based on a review of this drug by the National Academy of 
Sciences— National Research Council and/or other informa- 
tion, FDA has classified the indications as follows: 


Effective: To control severe nausea and vomiting. For the 
management of the manifestations of psychotic disorders. 


Possibly effective: To control excessive anxiety, tension and 
agitation as seen in neuroses or associated with somatic 
conditions. 


Final classification of the less-than-effective indications 
requires further investigation. 





Contraindications: Comatose or greatly depressed states due to 
C.N.S. depressants; bone marrow depression; pediatric surgery. 


Warnings: Avoid using in patients hypersensitive (e.g., blood 
dyscrasias or jaundice) to any phenothiazine. Caution patients 
about activities requiring alertness (e.g., operating vehicles or 
machinery) especially during the first few days’ therapy. Pro- 
chlorperazine may intensify or prolong the action of other C.N.S. 
depressants. Not recommended for children under 20 pounds or 
2 years of age. 


Use in pregnancy only when potential benefits outweigh hazards. 


Precautions: Antiemetic effect may mask toxic drug overdosage 
or physical disorders. Postoperative aspiration of vomitus has 
occurred in a few surgical patients who received prochlorperazine 
as an antiemetic. Deep sleep and coma have been reported, 
usually with overdosage. In children with acute illnesses or 
dehydration, use only under close supervision. 


Adverse Reactions: Drowsiness, dizziness, amenorrhea, skin 
reactions. Hypotension. Cholestatic jaundice, leukopenia, 
agranulocytosis. Fatty changes in the liver have been observed 
in a few patients who died while receiving the drug (no causal 
relationship has been established). Neuromuscular (extrapy- 
ramidal) reactions: motor restlessness, dystonias, pseudo- 
parkinsonism, persistent tardive dyskinesia. Contact dermatitis 
is a possibility with concentrate and injectable forms. 


Other adverse reactions reported with Compazine (prochlorper- 
azine, SK&F) or other phenothiazines: Some adverse effects are 
more frequent or intense in specific disorders (e.g., severe hypo- 
tension in mitral insufficiency or pheochromocytoma). 


Grand mal convulsions; altered cerebrospinal fluid proteins; 
cerebral edema; prolongation and intensification of the action of 
C.N.S. depressants, atropine, heat and organophosphorus in- 
secticides; dryness of mouth, nasal congestion, headache, 
nausea, constipation, obstipation, adynamic ileus, inhibition of 
ejaculation; reactivation of psychotic processes, catatonic-like 
states; hypotension (sometimes fatal); cardiac arrest; pancyto- 
penia, thrombocytopenic purpura, eosinophilia; biliary stasis; 
lactation, galactorrhea, gynecomastia, menstrual irregularities, 
false-positive pregnancy tests; photosensitivity, itching, erythema, 
urticaria, eczema up to exfoliative dermatitis; asthma, laryngeal 
edema; angioneurotic edema, anaphylactoid reactions; peripheral 
edema; reversed epinephrine effect; hyperpyrexia; a systemic 
lupus erythematosus-like syndrome; pigmentary retinopathy; 
with prolonged administration of substantial doses, skin pig- 
mentation, epithelial keratopathy, and lenticular and corneal 
deposits. 


EKG changes have been reported, but relationship to myocardial 
damage is not confirmed. Discontinue long-term, high-dose 
therapy gradually. 


NOTE: Sudden death in patients taking phenothiazines (ap- 
parently due to cardiac arrest or asphyxia due to failure of cough 
reflex) has been reported, but no causal relationship has been 
established. 


Supplied: Tablets — 5, 10 and 25 mg., in bottles of 100; 
Spansule? capsules — 10, 15, 30 and 75 mg., in bottles of 50; 
Injection— 5 mg./ml.; Suppositories— 27? , 5 and 25 mg.; 
Syrup— 5 mg./5 ml.; Concentrate— 10 mg./ml.; Single Unit 
Packages of 100— 5 and 10 mg. tablets; 10, 15 and 30 mg. 
'Spansule' capsules. 


Smith Kline & French Laboratories 
Division of Smith Kline Corporation, Philadelphia, Pa. 19101 


Push Button 
Photography 


No experience neces- 
sary to get professional 
results in your first 
twenty exposures with 
our CLOSE-UP unit. 


NO FOCUSING. The 
automatic focusing 
system included in our 
unit will permit you to 
be in focus at all times 
without the necessity 
of changing lenses, bel- 
lows, backs, filters, bat- 
teries, etc. No viewing 
or viewing illumination 
necessary. 


ONLY. CHANGE 
FRAMES. (Sizes in 
inches.) 1-3/8 x 1- 2 x 
3- 4x 6-6 x 9- 9x 13- 
14 x 21- 1/2 body rod. 
Frames are made of 
stainless steel and may 
be sterilized. ` 





Special attachments available to take picture of throat, cleft 

palate, cervix and anal rectal. 

Photoeaze SINGLE UNIT Reflex Camera consists of: 
35 mm reflex camera back with double extension bellow, 
50 mm- 2.8 lens, power pack that serves as base, 2 strobe 
lights, full set of applicators and automatic focusing mecha- 
nism. 


Price $429.00 
To order or for information: 


Photoeaze Mfg., Inc. 


241 East 10 St. 
New York, N. Y. 10003 


tel: 212-YU 2-0660 




















CHANGE OF ADDRESS 
Change of Address: Please allow 60 days 


before date of issue for change of address. 
Notification should include the old as well 
as the new address, with indication of 
whether the change is temporary or per- 
manent. Please give the name of the Jour- 


nal. 


Send Change of Address cards to: 


ANNALS OF SURGERY 
c/o Fulfillment Manager 
East Washington Square 
Philadelphia, Penna. 19105 
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Whenever an APC/narcotic is indicated. 
Tablets 


Percodan ¢ 


Each yellow, scored tablet contains 4.50 mg. oxycodone HCI (Warning: 
May be habit forming), 0.38 mg. oxycodone terephthalate (Warning: 
May be habit forming), 224 mg. aspirin, 160 mg. phenacetin, and 32 mg. 
caffeine. 
INDICATIONS: For the relief of moderate to moderately severe pain. 
CONTRAINDICATIONS: Hypersensitivity to oxycodone, aspirin, phenac- 
etin or caffeine. 
WARNINGS: Drug Dependence: Oxycodone can produce drug de- 
pendence of the morphine type and, therefore, has the potential 
for being abused. Psychic dependence, physical dependence and toler- 
ance may develop upon repeated administration of Percodan, aed it 
should be prescribed and administered with the same degree of caution 
appropriate to the use of other oral narcotic-containing medications. 
Like other narcotic-containing medications, Percodan is subject to the 
Federal Controlled Substances Act. 
Usage in ambulatory patients: Oxycodone may impair the mental and/or 
physical abilities required for the performance of potentially hazardous 
tasks such as driving a car or operating machinery. The patient using 
Percodan should be cautioned accordingly. 
Interaction with other central nervous system depressants: Patients 
receiving other narcotic analgesics, general anesthetics, phenothiazines, 
other tranquilizers, sedative-hypnotics or other CNS depressants (includ- 
ing alcohol) concomitantly with Percodan may exhibit an additive CNS 
depression. When such combined therapy is contemplated, the dose of 
one or both agents should be reduced. 
Usage in pregnancy: Safe use in pregnancy has not been established 
relative to possible adverse effects on fetal development. Therefore, 
Percodan should not be used in pregnant women unless, in the judgment 
of the physician, the potential benefits outweigh the possible hazards. 
Usage in children: Percodan should not be administered to children. 

Salicylates should be used with caution in the presence of peptic ulcer 
or coagulation abnormalities. 
PRECAUTIONS: Head injury and increased intracranial pressure: The 
respiratory depressant effects of narcotics and their capacity to elevate 
cerebrospinal fluid pressure may be markedly exaggerated in the pres- 
ence of head injury, other intracranial lesions or a pre-existing increase 
in intracranial pressure. Furthermore, narcotics produce adverse reac- 
tions which may obscure the clinical oourse of patients with head 
injuries. 
Acute abdominal conditions: The administration of Percodan or other 
narcotics may obscure the diagnosis or clinical course in patients with 
acute abdominal conditions. 
Special risk patients: Percodan should be given with caution to certain 
patients such as the elderly or debilitated, and those with severe impair- 
ment of hepatic or renal function, hypothyroidism, Addison's disease, 
and prostatic hypertrophy or urethral stricture. 

Phenacetin has been reported to damage the kidneys when taken in 
excessive amounts for a long time. 
ADVERSE REACTIONS: The most frequently observed adverse reac- 
tions include light-headedness, dizziness, sedation, nausea and vomiting. 
Some of these adverse reactions may be alleviated if the patient lies down. 

Other adverse reactions include euphoria, dysphoria, constipation and 
pruritus. 
DOSAGE AND ADMINISTRATION: Dosage should be adjusted accord- 
ing to the severity of the pain and the response of the patient. It may 
occasionally be necessary to exceed the usual dosage recommended 
below in cases of more severe pain or in those patients who have become 
tolerant to the analgesic effect of narcotics. The usual adult dose is one 
tablet every six hours as needed for pain. 
DRUG INTERACTIONS: The CNS depressant effects of Percodan may 
be additive with that of other CNS depressants. See WARNINGS. 

Aspirin may enhance the effect of anticoagulants and inhibit the effect 
of uricosuric agents. 
MANAGEMENT OF OVERDOSAGE: Signs and Symptoms: Serious 
overdose with Percodan is characterized by respiratory depression, 
extreme somnolence progressing to stupor or coma, skeletal muscle 
flaccidity, cold and clammy skin, and sometimes bradycardia and hypo- 
tension. In severe overdosage, apnea, circulatory collapse, cardiac arrest 
and death may occur. The ingestion of very large amounts of Percodan 
may, in addition, result in acute salicylate intoxication. 
Treatment: Primary attention should be given to the reestablishment of 
adequate respiratory exchange through provision of a patent airway and 
the institution of assisted or controlled ventilation. The narcotic antag- 
onists naloxone, nalorphine or levallorphan are specific antidotes against 
respiratory depression which may result from overdosage or unusual 
sensitivity to narcotics, including oxycodone. Therefore, an appropriate 
dose of one of these antagonists should be administered, preferably by 
the intravenous route, simultaneously with efforts at respiratory resus- 
citation. Since the duration of action of oxycodone may exceed that of 
the antagonist, the patient should be kept under continued surveillance 
and repeated doses of the antagonist should be administered as needed 
to maintain adequate respiration. 

An antagonist should not be administered in the absence of clinically 
significant respiratory or cardiovascular depression. 

Oxygen, intravenous fluids, vasopressors and other supportive meas- 
ures should be employed as indicated. 

Gastric emptying may be useful in removing unabsorbed drug. 


Endo Laboratories, Inc. ` 


Subsidiary of E.l. du Pont de Nemours & Co. (Inc.) 
Garden City, N.Y. 11530 
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Searle Laboratories 
SEARLE Division of G. D. Searle & Co., Chicago 





Metamucil 


brand of psyllium hydrophilic mucilloid. 
Supplied in 7-ounce and 14-ounce containers. 


Instant Mix Metamucil*. Supplied in cartons of 16 and 
Sept.) 1955.2. Rosser. W. J.: The More Common Rectal Conditions, J. Med. Assoc State Ala 19:189-192 (Jan.) 1950. 


4620 


30 single-dose packets. 


ng. Wis. Med. J. 54:413-422 


1. Turell, R.: Adenomas and Hemorrhoids: Problems of Rectal Bleed 
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Vi-Drape Products help you 
improve sterile technique in 
surgery and obstetrics and reduce 
your burden of concern over 
contamination. Vi-Drape Instant 
Surgical Film, Sterile, is for fast, 
easy draping of entire surgical 
area. Self-adhering, transparent, it 
securely bonds to skin right up to 
incision edges, with incision 
through the film, thereby prevent- 
ing skin bacteria from migrating 
to wound edges. 


Vi-Drape Regular Surgical 
Film is used with a Vi-Drape spray- 
on adhesive. It, too, forms a sterile 
“second skin” that stays in place 
even during prolonged surgery. 
Especially suited for hard-to-drape 
areas and lengthy surgery. 


Vi-Drape Wound Protector 
provides a practical way to shield 
surgical wounds from visceral 
bacteria. 


Vi-Drape Intestinal Bag, 
Sterile, is a protective receptacle 
for exteriorizing intestines in major 
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VI-DRAPE "Wound Protector in place 
inside incision 
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VI-DRAPE Intestinal Bag in use 
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VI-DRAPE Instant Vaginal Bib with Pouch 
Sterile, in place 
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abdominal surgery. The bag is wet 
with sodium chloride solution, 
and the intestines are inserted. 
Additional sodium chloride solu- 
tion may be added for further 
protection of the intestines. Other 
suggested uses are surgical iso- 
lation of an extremity during 
surgery, and as a sterile cover for 
a microscope or camera. 


Vi-Drape Instant Vaginal Bib 
with Pouch, Sterile, securely walls 
off anal-area contamination dur- 
ing surgery. The plastic pouch 
attached to the vaginal bib catches 
and measures up to 500 ml of 
blood lost in surgery, holds speci- 
men tissue collected in diagnostic 
procedures, and protects the 
weighted speculum against con- 
tamination. 

Available through surgical supply 
dealers. Write for name of your 
nearest dealer. 


VI-DRAPE Products by 
PARKE-DAVIS 


Medical-Surgical Products Division 
PARKE, DAVIS & COMPANY, 
Detroit, Michigan 48232 


“I must move thoroughly 
to be a well-prepped King.” 


“I must move easily" 
said the Stitched-Up Knight. 
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Dulcolax moves patients the 
, Way you want them to 


Instead of moving patients to tears...like harsh 
laxatives and traumatic enemas...Dulcolax moves them 
to gentle, predictable relief from post-op constipation. 
And it yields excellent results in preparing the patient 
for surgery and/or radiological examination. 


When Dulcolax puts its gentle touch on the colon, 

it touches off normal peristalsis throughout the large 

intestine. Suppositories can work in as little as 15 minutes. 
. Tablets taken at night usually produce results the next 

morning. And almost anyone can take Dulcolax...its 

only contraindication is the acute surgical abdomen. 


Duicolax 


Suppositories: 10 mg. 
Tablets: 5 mg. 


the right move 
to replace the enema 





Boehringer Ingelheim Ltd. 
Elmsford, New York 10523 
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gas accumulation in the gut, due to altered ¥ 
intestinal motility, aerophagia and increased salivation, 
often complicates surgical aftercare. 

To help avoid or dispel the acute discomforts of 
post-op pain in the gut, Phazyme provides simethicone, 
“,..an effective, safe and simple method of preventing 
abdominal distention, gas pain and reducing the incidence 
of ileus."!* 

Phazyme's unique dual-phase action releases 

20 mg. of specially-activated simethicone initially to 
swx the stomach for immediate dispersion of entrapped gas. 
"TU — —— The protected inner core delivers an additional 

40 mg. of specially-activated simethicone to relieve 
pain of entrapped gas throughout the lower G.I. tract. 

Phazyme also provides 240 mg. of pancreatin 
directly to the small intestine to help assure normal 
digestion. 

And Phazyme is safe...no systemic effects...no 
untoward reactions ...no contraindications other than 


known allergy to an ingredient. i: 


1. Gibstein, A., ef al.: Prevention of postoperative abdominal distention 
and discomfort with simethicone, Obstet. Gynecol. 38:386, Sept. 1971. 


*Italics ours. 
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D hazyme ie Reed & Carnrick/ Kenilworth, N.J. 07033 










prevents and relieves 





due to entrapped gas 





* 
T 
E 


The Management of Upper Gastrointestinal Hemorrhage: 


PPER GASTROINTESTINAL HEMORRHAGE continues to 
U present problems in management to both the physi- 
cian and surgeon. The reported mortality in this group 
of diseases varies from five to fifty per cent, depending 
upon the site of bleeding and the nature of the underly- 
ing disease.* 79.14 | 
. This retrospective study of upper gastrointestinal 
bleeding was undertaken to determine which factors are 
most commonly associated with mortality. Many of the 


. factors influencing outcome such as age, sex, and the 


source of bleeding are readily obtainable by a retrospec- 
tive analysis. Certain questions, such as the best method 


` of diagnosis and treatment can only be answered by a 


^ 


-randomized prospective trial. Questions of priority be- 


tween accurate diagnosis and surgery, timing of opera- 
tive intervention in relation to quantity of blood trans- 
fusion and delineation of high and low risk groups have 
not been clarified in the medical literature. The digital 
computer is well suited to the multiparametric analysis 
necessary to the solution of these problems. 


Materials and Methods 


Six hundred thirty cónsecutive patients with active up- 
per gastrointestinal bleeding from 1963 to 1971 inclusive 
were reviewed. The diagnosis was established by clini- 
cal history of hematemesis or melena and demonstrated 
by gastric lavage and rectal examination, Each chart 
was reviewed by one of the authors and the information 
collected was recorded on a standard data sheet as a 68 
character line. This was transcribed via remote access 
terminal to a central processing and storage unit (IBM- 





Submitted for publication April 15, 1973. 
Reprint requests: Dr. H. S. Himal, Department of Surgery, 
Royal Victoria Hospital, Montreal 112, P.Q. 
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A Multiparametric Computer Analysis - 


H. S. HIMAL, W. W. WATSON, C. W. JONES, L. MILLER, L. D. MACLEAN 


From the Department of Surgery, Royal Victoria 
Hospital and McGill University, Montreal, Canada 


360-75). Each character referenced a line of vocabulary 
according to its position. The data was processed using 
conventional set theory in Fortram IVG language. Anal- 
ysis was carried out with respect to site of bleeding, 
admission hemoglobin, amount of blood administered, 
age, accuracy of diagnosis and therapy. 


Results 


Site and Overall Mortality 


Of the 630 patients, there were 329 with duodenal 
ulcer, 90 with acute stress ulcers, 56 with chronic gastric 
ulcers and 39 with bleeding esophageal varices. Seven- 
teen patients had uncommon causes for upper gastro- 
intestinal bleeding—Mallory-Weiss Syndrome, stomal ul- 
cer, esophagitis, gastric carcinoma and Zollinger-Ellison 
syndrome. The overall mortality was 12.54% (Table 1). 
In 99, the source of bleeding was never accurately de- 


fined. 
Admission Hemoglobin 


Mortality rate correlated with the admission hemo- 
globin. The lower the hemoglobin level, the greater was 
the mortality rate for all causes (Fig. 1). In 13 patients 
with a hemoglobin less than 5 gms%, 4 died (mortality 
rate 30.82); in contrast, of 303 patients with hemoglobin 
between 10-14.9 gms%, 30 died (mortality rate 10.0%) 
(p < 0.01). Further analysis of the data revealed that 
duodenal and gastric ulcers established this trend, No 
correlation could be found between admission hemo- 
globin and mortality in esophageal varices or stress 
ulcers. 
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TABLE 1. Distribution of Diagnosis. 


% % 
Diagnosis of Total No. Cases Mortality Mortality 


HIMAL AND OTHERS 


Ann. Surg. « April 1974 
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Bs - 10 UNITS 
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Duodenal Ulcer 52.21 329 15 4.6 80 
Stress Ulcers 14.29 90 19 21.1 T 
Gastric Ulcer 8.89 56 14 25.0 s 
Esophageal Varices 6.19 39 21 53.9 x 
Miscellaneous 2.86 17 1 . 5.9 © 60 
k ; 8.1 
orem 100. ° Ed i 12.54 2 Fic. 2. Total blood replacement 
i " versus mortality rate in all 
40 causes of bleeding. 
Amount of Blood Received 
The total amount of blood administered to the various 20 
groups of patients irrespective of bleeding site, cor- 
related with mortality rate (Fig. 2). Patients who re- 
ceived fewer than 6 units during their hospital stay had 0 " 
a mortality of 2.12%; those who received 6-10 units of ME C GU 
blood had a 16% mortality rate and those patients receiv- 
ing more than 10 units had a mortality rate of 47.82 (p « 
0.001). Age 


In the 211 patients who were operated upon, com- 
parison of amount of blood administered pre-operatively 
with mortality rate was carried out (Fig. 3). Of 95 pa- 
tients receiving less than 6 units of blood pre-operatively, 
4 died (mortality rate 4.22); whereas, of 37 patients re- 
ceiving at least 11 units of blood, 19 died for a 51.42 
mortality (p « 0.01). 

This relationship was valid for all categories except 
bleeding esophageal varices where there was a uniformly 
high mortality rate, regardless of the amount of blood 
received, 


Mortality rate and the number of patients increased 
with age (Table 2). Patients over the age of sixty had a 
significantly higher death rate than those less than sixty 
(p < 0.01). 


Pre-Operative Diagnosis 


Diagnosis of the source of bleeding before a patient 
was submitted to surgery significantly reduced the mor- 
tality rate (Fig. 4). The mortality rate was 32% in cases 
undiagnosed prior to surgery compared to 9.5% when the 
diagnosis was established before surgery (p < 0.01). 
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UNITS of BLOOD 


Fic. 3. Pre-operative blood volume replacement versus mortality 
(operated cases only). 


Of 100 patients with bleeding duodenal ulcers, diag- 
nosed prior to surgery, none died, while 9 of 35 patients 
diagnosed at the time of surgery died (25.7%). Of 14 
patients with bleeding gastric ulcers diagnosed prior to 
surgery, 2 died (14.32) while 5 of 15 patients (33.32) 
died, where the source of bleeding was unknown until 
surgery. 


Management 


All patients had at least a short course of saline lavage 
and intravenous therapy for resuscitation or maintenance 


ion arrival while initial assessment was being made, 


t 
4 


There were three different forms of therapy in this 
series: 1) Conservative management: non-operative ther- 
apy was the only treatment; 2) Surgical management: 
Operation was the primary treatment; and 3) Combined 
management: Conservative therapy was followed by 
surgery for continued hemorrhage. 

The overall distribution of therapy divided into the 
three categories is displayed in Fig. 5. The majority 
of patients, 418, received only medical therapy with 40 
deaths, a 9.62 mortality. Patients who were immediately 
operated on had a 4.6% mortality. A combined approach 


of medical therapy followed by surgical intervention con- 
TABLE 2. Agevs. Mortality 

Age 05 Total Mortality % Mortality 
10-19 2.38 15 0 0 
20-29 11.43 72 1 1.4 
30-39 15.40 97 5 5.2 
40-49 20.95 132 13 10.1 
50-59 20.47 129 13 10.3 
60 4- 29.37 185 46 29:4 
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Fic. 4. Pre-operative diagnosis versus mortality rate. 


sisted of 103 patients with 32 deaths, a 32.1% mortality. 
This was significantly higher than in either of the other 
two groups (p < 0.01). | 

In the patients with duodenal ulcers, 87 had imme- 
diate surgery and one died (1.12). 195 patients had 
conservative therapy with five deaths (2.6%). Forty eight 
patients initially had conservative therapy and required 
surgery because of persistent bleeding and 8 died 
(12.5%). 

In the gastric ulcer group, 6 patients were subjected 
to immediate surgery (after the diagnosis was estab- 
lished) and none died. Of 27 patients who had con- 
servative therapy, 7 died (25.9%). Similarly, 23 patients 
were treated conservatively followed by surgery and 7 
died (30.4%). 

Of 90 patients who had stress ulcers, 74 were treated 
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conservatively, which included gastric cooling, 13 died 
(17.5%). One patient went directly to surgery and sur- 
vived. The 15 remaining patients had conservative man- 
agement followed by surgery and 6 died (40%). 

In the esophageal varices group, 11 patients were sub- 
jected to surgery once the diagnosis was made. Four 
patients eventually died. 10 of 14 patients who had con- 
servative therapy followed by surgery died (71.4%). 


Discussion 


Most upper gastrointestinal hemorrhage is secondary 
to acid peptic ulceration, acute gastritis or bleeding 
esophageal varices. The results of this study are con- 
sistent with this view where 52% of the patients had 
bleeding duodenal ulcers, 14% had bleeding acute gastric 
erosions, 9% had bleeding gastric ulcers and 6% had bleed- 
ing esophageal varices. 

In 99 patients, the site of bleeding was not dano 
strated (15.7%). Endoscopy was not routinely performed 
at this institution until 1967. With the more frequent 
use of endoscopy, the documented incidence of acute 
gastric erosions ds a cause of hemorrhage has increased ? 
714,18 The importance of angiography in demonstrating 
the site of bleeding has been well documented.?:5 With 
the use of angiography and endoscopy, the number of 
undiagnosed patients can be expected to diminish. 

This retrospective study shows that in duodenal and 
gastric ulcers, low initial hemoglobin values indicate a 
poor prognosis. This trend was not established in the 
other diagnostic categories, of esophageal varices and 
acute gastric erosions. In these two conditions, hema- 
temesis is the most frequent symptom and patients usu- 
ally present themselves before hemodilution has oc- 
curred 

Prompt identification of the site of bleeding has been 
previously emphasized.° The results of this study dem- 
onstrate an increased mortality in patients in whom the 
site of bleeding was not established. Of 408 patients in 
whom the site of bleeding was established prior to the 
therapy, the mortality was 5.4%; whereas of. 222 patients 
in whom the site of bleeding was not demonstrated prior 
to therapy, 24.7% died. These data emphasize the im- 
.portance of establishing the site of bleeding as early as 
possible. 

The age distribution for all causes of bleeding is dis- 
played (Table 2). The sex distribution of 485 males 
versus 145 females confirms that this condition pre- 
dominantly affects the male population. The mortality 
rates were not significantly different (11.67% and 14.89% 
respectively ). 

Two select groups of patients, one high risk and 
the other low risk were identified by the computer (Ta- 
ble 3). The young male who requires a small amount of 
blood to maintain homeostasis has a significantly better 
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TABLE 3. Comparison of High Risk and Low Risk Groups 
High Risk Group Low Risk Group 
Over 60 yrs of age 40-50 yrs of age 
Admission Hgb. less Admission Hgb. greater 
than 10 than 10 
Pre-op units of blood Pre-op units of blood 
received greater than received less than 
6 Units 5 units 
Mortal- VA Mortal- Te 
No. ity Mortality No. ity Mortality 
Source of : 
Bleeding 
Diagnosed 18 4 22.2 33 0 0 
Source of . 
Bleeding 
Undiagnosed 21 12 57.1 5 0 0 


prognosis than the male over the age of 60 who receives 
more than six units of blood whether or not a diagnosis 
is established. | 

The factors of age, sex and the admission hemoglobin 
are presented to the physician. Though they definitely 
have a bearing on the final outcome, they are parameters 
which cannot be manipulated. However, the two param- 
eters which can be influenced by the doctor are the 
amount of blood given and whether or not a diagnosis 
is established before therapy is instituted. 

The amount of blood administered to maintain home- 
ostasis is a variable which can be used as a guide to prog- 
nosis. Operative intervention is less likely to be success- 
ful as the amount of transfusion increases. The problem 
facing the surgeon is knowing whether large transfu- 
sion volumes or lack of specific diagnosis is more hazard- 
ous to the patient. An analysis of this factor was carried 
out with respect to diagnosis and is displayed in Fig, 6. 
It is clear that at all levels of blood administration, the 
establishment of the diagnosis significantly reduces the 
mortality (p « 0.01). A prospective trial would deter- 
mine which temporal sequence leads to the lowest over- 
all mortality. 

Early definitive therapy, particularly surgery, had the 
lowest mortality rate in all cases. It must be pointed out 
that the combined medical surgical approach had the 
highest death rate because of the selection process. 
These cases were treated surgically after failed medical 
management. This is consistent with delay in diagnosis 
before surgical intervention as well as attempting to treat 
poor risk patients conservatively and then being forced 
to operate. The esophageal varices patients had a high 
death rate regardless of management. This study sug- 
gests various modes of therapy. With respect to bleeding 
chronic gastric ulcers, as soon as the source of. hemor- 
rhage is established, early surgery is advisable; since 
recurrent hemorrhage occurs frequently.?.1 

Conservative therapy, including gastric cooling ap- 
pears to be the treatment of choice for bleeding acute 


is 


he 


Vol. 179 - Na, 4 


7 
DIAGNOSED 
BEFORE THERAPY 


BB unviacnosep 
1-5 UNITS 6-10 UNITS 11+ UNITS 
100 of BLOOD of BLOOD of BLOOD 
B80 
= 32 
< 60 
O 
= 23 
S — 40 es | Z 
^ 
222 Yj 
^ 
total 81 Yj 
s 123 | j£ A 
ar O3 7 7 
0 ue G 7 


Fic. 6. Pre-therapeutic diagnosis versus mortality rate with respect 
to pre-therapeutic blood replacement. 


gastric erosions. In most series, surgical therapy has been 
associated with a mortality of over 352,99 

Conservative therapy is the treatment of choice for 
bleeding duodenal ulcers in young patients who have re- 
ceived less than six units of blood. In patients over 60 
years of age, early surgery is associated with a lower 
mortality. 

With respect to bleeding esophageal varices, the study 
demonstrates that conservative and surgical therapy both 

are associated with high mortality, Recent advances in 
therapy such as intra-arterial infusion of vasoactive 
drugs may decrease mortality.5: 

In general, this study suggests that the establishment 
of an accurate diagnosis is the most important determi- 
nant of prognosis in upper gastrointestinal hemorrhage. 
Major investigative procedures should be instituted as 
soon as possible to achieve this goal. It is only after the 
diagnosis has been established objectively that a reason- 
able decision regarding conservative or surgical manage- 
ment can be made. Mortality rates rise with the amount 
of blood transfusion given to the patient. Except where 
surgery is not applicable, a decision on operative inter- 
vention should be taken before the fifth unit of blood has 
been administered. 


Summary 


Six hundred thirty consecutive patients with active 
upper gastrointestinal bleeding from 1963-1971 were re- 
viewed with the aid of a computer. Fifty two per cent 
of the patients had duodenal ulcers, 14% had stress ulcers, 
and 9% had gastric ulcers. The overall mortality was 
12,54*. Mortality rate correlated with admission hemo- 
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globin, amount of blood administered, age and whether 
pre-operative diagnosis was known. The lower the hemo- 
globin level, the greater was the mortality rate. As the 
amount of blood administered rose, the mortality rate 
increased. Mortality rate increased with age. Demon- 
stration of the source of bleeding prior to surgery signifi- 
cantly reduced the mortality rate. 

With respect to management, conservative therapy 
for bleeding duodenal ulcers in young patients, and for 
bleeding acute gastric erosions was associated with the 
lowest mortality. In patients over 60 years of age with 
bleeding duodenal ulcers and in patients with chronic 
gastric ulcers, early surgery was associated with a lower. 
mortality. 


References 


l. Capper, W. M. and Buckler, K. G.: Determination of the 
Cause of Bleeding in Surgery for Massive Hematemesis. 
Brit. J. Surg., 51:752, 1964. 

2. Conn. H. O. and Brodoff, M.: Emergency Esophagoscopy in 
the Diagnosis of Upper Gastrointestinal Hemorrhage. 
Gastroenterology, 47:505, 1984. 


3. Conn, H. O., Ramsby, G. R. and Storer, E. H.: Selective 
Intraarterial Vasopression in the Treatment of Upper 
Gastrointestinal Hemorrhage. Gastroenterology, 61:634, 
1972. 

4. Crook, J. N., Gray Jr., L. W., Nance, F. C. and Cohn Jr., L.: 
Upper Gastrointestinal Bleeding. Ann. Surg., 175:771 1972. 


5. David, E., Melllrath, D. C. and Higgins, J. A.: Clinical Ex- 
perience with Acute Peptic Gastrointestinal Ulcers. Mayo 
Clinic Proceedings, 46:15, 1971. 


6. Flowers, R. S., Kyle, K. and Hoerr, S. O.: Postoperative 
Hemorrhage from Stress Ulceration of the Stomach and 
Duodenum. Amer. J. of Surg., 119, 632, 1970. 


7. Foster, J. H., Hickok, D. F. and Dunphy, J. E.: Changing 
Concepts in the Surgical Treatment of Massive Gastro- 
duodenal Hemorrhage. Ann. Surg. 161:969, 1965. 


8. Halmagyi, A. F.: A Critical Review of 425 Patients with 
Upper Gastrointestinal Hemorrhage. Surg. Gynecol. Obstet., 
419, 1970. 


9. Leape, L. L. and Welch, C. E.: Late Prognosis of Patients 
with Upper Gastrointenstinal Hemorrhage. Amer. J. Surg., 
107:297, 1964. 


Lucas, C. E. and Sugawa, C.: Diagnostic Endoscopy during 
Laparotomy for Acute Hemorrhage from the Upper Part 
of the Gastrointestinal Tract. Surg. Gynecol. Obstet., 135: 
285, 1972. 


Northfield, T. C.: Factors Predisposing to Recurrent Hemor- 
rhage after Acute Gastrointestinal Bleeding. Brit. Med. J., 
1: 26-28, 1971. 

Nusbaum, M., Baum, S. and Blakemore, W. S.: Clinical Ex- 
perience with the Diagnosis and Management of Gastro- 
intestinal Hemorrhage by Selective Mesenteric Catheteriza- 
tion. Ann. Surg., 170:506, 1969. 

Nusbaum, M., Baum, S. Kuroda, K. and Blakemore, W. S.: 
Control of Portal Hypertension by Selective Mesenteric 
Arterial Drug Infusion. Arch. Surg., 97:1005, 1968. 

Palmer, E, D.: The Vigorous Diagnostic Approach to Upper 
Gastrointestinal Tract Hemorrhage. JAMA, 207:1477, 1969. 

Reuter, S. R. and Bookstein, J. J.: Angiographic Localization 
of Gastrointestinal Bleeding. Gastroenterology, 54:876, 
1968. 

Tanner, N. C.: The Diagnosis and Management of Massive 
Hematemesis. Brit. J. Surg., 51:754, 1964. 


10. 


ll. 


12, 


13, 


14, 


15. 


16. 


Insulin Secretion after Pancreatoduodenectomy 


MASAHIKO MIYATA, M.D., TETSUTO TAKAO, M.D., TOHRU UOZUMI, M.D.,* 


LMOST FORTY YEARS HAVE ELAPSED since a successful 
A series of pancreatoduodenectomies was reported.?.14 
In this decade, the results of this procedure have revealed 
a fairly large number of long-term survivors, ®®%1? how- 
ever, prognosis of pancreatoduodenectomized patients 
still remains poor. Unknown metabolic disorders are as- 
sumed to occur after pancreatoduodenal resection. The 
present paper deals with an observation on insulin secre- 
tion during the oral glucose tolerance test, since little is 
known about endocrine function after partial resection 
of the pancreas, this is the first requirement to elucidate 
metabolism after removal of a non-functioning tumor of 
the pancreas. 


Materials and Methods 


Ten pancreatoduodenectomized patients not requiring 
any particular treatment in daily life were investigated. 
This group included 8 males and 2 females, ranging 
from 42 to 72 (mean 56.6) years of age. In each patient 
the.pancreas had been resected at the junction of its 
head and body with the whole duodenum and an anal 
third of the stomach en bloc. Five weeks to 39 months 
(mean 20 mos) after the surgery the oral glucose toler- 
ance test was carried out. Clinical findings of these pa- 
tients are presented in Table 1. 

Twelve gastrectomized patients without a preoperative 
diabetic disposition were used as the control group of 
sham operation, in whom partial gastrectomy with gastro- 
jejunostomy after the fashion of Billroth II was per- 
formed 2 to 204 (mean 26) months prior to the examina- 
tion (Fig. 1). Included were 10 males, and 2 females, 
ranging from 18 to 73 (mean 43.8) years of age. 
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Twelve healthy adults serving as the group of normal 
subjects were examined. There were 9 males and 3 
females, ranging from 25 to 55 ( mean 39.2) years of age. 

In this series, there was no familial history of diabetes 
or over-weight. 

After over-night fasting, 100g of glucose was ad- 
ministered orally. 

Blood samples were collected into heparinized syringes 
from antecubital veins, at 15 minutes before and just 
before glucose load as controls. After glucose ingestion, 
at every. half hour for the first two hours and then three 
hours, blood samples were obtained. The blood plasma 
was separated by centrifugation and was frozen within 
15 minutes after blood had been drawn. This was stored 
under —20°.C until the time of assay. 

Plasma glucose was determined by the potassium 
ferricyanide reduction method as adapted to Auto- 
Analyser. 

Plasma non-esterified fatty acids (NEFA) were deter- 
mined by the modified colorimetric micro-method of 
Itaya-Ui? within 24 hours after the samples had been 
obtained. | 

Plasma immunoreactive insulin (IRI) was determined 
by the double antibody technique.* 


Results 
Plasma Levels of Glucose (Fig. 2.) 


Fasting plasma levels of glucose were within normal 
limits in both pancreatoduodenectomized patients and 
gastrectomized patients. There were mean peaks of 


° Insulin immunoassay kit was obtained from CEA-IRE-SORIN - 
association, France. e 
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TABLE 1. Summary of Pancreatoduodenectomized Patients 
Age B. W. Height Surgical 
Case (yrs) Sex (Kg) (cm) Lesions Procedures* After Operation 
1. T.Q. 42 M 52 165 Cancer of head of the pancreas Child 3 yrs | 9 mos 
2. T.K. 59 M 54 168 Cancer of ampulla Child 3yrs imo 
3. LEE 65 M 51 164 Cancer of papilla of Vater Cattell 2 yrs 10 mos 
4. T.S. 67 M 50 161 Cancer of ampulla Child 2 yrs 1mo 
5. M.Y. 48 M 48 163 Rhabdomyoma of papilla of Vater Child lyr 5mos 
á Y.H. 57 F 32 145 Cancer of ampulla Whipple 8 mos 
7. S.I. 48 M 56 172 Cancer of papilla of Vater Cattell 5 mos 
8. ZO. 72 M 42 159 Cancer of ampulla Child 2 mos 
9. KO. 52 M 50 162 Cancer of ampulla Child 2 mos 
10. M.Y. 56 F 35 159 Cancer of ampulla Child 5 weeks 


——————————————— ERROR — A  — ——á—— D "PY]vP——A—?)ÀÜimeaaüMMecM m a — ——— ———— ——nne(l 

* Following pancreatoduodenectomy and cholecystectomy, the series of anastomoses (choledochojejunostomy, pancreatojejunostomy : 
and gastrojejunostomy) was made in all cases. This column indicates adopted types of the reconstruction (for details, see Partipilo, A. V.: 
Surgical Technique and Principles of Operative Surgery 6th Ed., Philadelphia, Lea & Febiger, p. 691—692). 
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1327 mg/dl (SE. + 7.6) and 155.3 mg/dl (S.E. + 
6.4) at 30 minutes in normal subjects and gastrectomized 
patients respectively. As expected, the levels decreased 
rapidly reaching under 100 mg/dl after 90 minutes in 
both groups; however, in pancreatoduodenectomized 
patients the plasma levels of glucose increased soon after 
glucose ingestion and remained elevated throughout the 
test; mean peak of 181.0 mg/dl (S.E. + 11.3) at 60 
minutes, 120.4 mg/dl (S.E. + 20.0) even at 180 minutes. 
Statistical differences between the groups are presented 
in Table 2. 


Plasma Levels of Non-esterified Fatty Acids (Fig. 3.) 


There was no statistical difference of fasting plasma 
NEFA levels between the groups. After glucose ingestion, 
plasma NEFA levels decreased rapidly, and were en- 
hanced after 90 minutes in both normal subjects and 
gastrectomized patients. In pancreatoduodenectomized 
patients, however, these levels progressively declined up 
to 120 minutes. Statistical differences between the groups 
are presented in Table 3. 


Pancreatoduodenectomy Gastrectomy ( Billroth II) 





Fic. 1. Schema of pancreatoduodenectomy and sham operation— 
gastrectomy after the fashion of Billroth II. Reconstruction of the 
alimentary tract in the former is similar to that of the latter. 


Plasma Levels of Immunoreactive Insulin (Fig. 4.) 


Although fasting plasma IRI levels in pancreatoduo- 
denectomized patients were low in comparison with those 
in normal subjects and gastrectomized patients, there was 
not statistical difference between the groups. After glu- 
cose ingestion, plasma IRI levels in normal subjects 
rapidly increased and returned to control gradually; mean 
peak value was 74.9 „U/ml (S.E. + 9.5) at 30 minutes. 
The levels in pancreatoduodenectomized patients in- 
creased slightly; mean peak value was 43.9 „U/ml (S.E. 
+ 14.3) at 90 minutes. On the other hand, levels in gas- 
trectomized patients increased significantly after glucose 
ingestion. Following the mean peak of 166.8 „U/ml 
(S.E. + 28.2) at 30 minutes, the levels remained elevated 
until 120 minutes. Statistical differences between the 
groups are presented in Table 4. 
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Fic. 2, Plasma levels of glucose during OGTT (100g). "Statistically 
significant differences as compared with both values before the 
glucose load (p « 0.05). 
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TABLE 2. Plasma Glucose Levels during OGTT (100g) 
Time (min) —15 0 30 60 90 120 180 
Normal Subjects 
n 8 12 12 12 12 12 12 
Mean (mg/dl) 88.9 89.6 132.711 112.2* 96.81 93.2] 81.5 
S.E. (mg/dl) +3.5 +2.2 +7 .6 +8.8 +8.0 +5.6 +3.7 
Pancreatoduodenectomized 
Patients 
n 10 10 10 10 7 10 10, 
Mean (mg/dl) 87.0 84.1 156.2 181.0* 177.71 159, 3** 120.4 
S.E. (mg/dl) +5.1 +3.6 +11.2 +11.3§ +8. 1]| +14, 5f +20.0 
Gastrectomized Patients 
n 12 12 12 12 12 12 12 
Mean (mg/dl) 84.6 81.6 155.311 137.88 97 . 8l] 86.6** 80.8 » 
S.E. (mg/dl) 42.5 +2.9 +6.4 +9.7 +7.4 +6.4 +3.5 


Statistically significant differences; 

*p < 0.001, tp «0.001, 20.01 < p < 0.02 

§0.001 < p < 0.01, || p < 0.001, ** 0.001 < p < 0.01 
tt0.01 < p < 0.02 


Discussion 


A number of observations?* have been reported on 
lack of glucose tolerance in pancreatoduodenectomized 
patients in whom fasting blood sugar levels were within 
normal limits. On the other hand, it has been also re- 
ported that abnormal glucose tolerance curves were not 
noted even after 75% caudal resection of the pancreas 
was performed due to blunt trauma.? There are no 
clinical criteria for the minimum requirement of pan- 
creas without producing glucose intolerance. It is difi- 
cult to form a criterion, since information concerning 
use of glucose in pancreatoduodenectomized patients 
still remains obscure. There are many factors which 
influence glucose metabolism in humans, however, in- 
vestigations concerning these factors are surprisingly 
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Fic. 3. Plasma levels of NEFA during OGTT (100g). *Statisti- 
cally significant differences as compared with both values before 
the glucose load (p < 0.05). 


few among metabolic studies after pancreatoduodenal 
resection.10.41,16 

One of the objectives of this study was to elucidate 
endocrine function of the remnant of the pancreas after 
pancreatoduodenal resection due to the non-functioning 
tumors of the pancreas. With uniform materials, 10 pan- 
creatoduodenectomized patients were examined; in whom 
at least a caudal half of the pancreas had been preserved. 
These patients are functioning well,in daily life without 
the need of any particular treatment. Objective physical 
examination revealed them to be healthy and routine 
laboratory examinations do not present any abnormal 
findings. The fasting blood sugar levels are within normal 
limits and urinary sugars cannot be detected. There is 
no statistically significant difference of fasting plasma 
levels of glucose, NEFA, and of IRI between pancreato- 
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Fic. 4. Plasma levels of IRI during OGTT (100g). “Statistically 
significant differences as compared with both values before the 
glucose load (p < 0.05). m 
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4 Time (min) —15 0 30 60 90 120 180 
PN Normal Subjects 
n 7: 12 12 12. 12 12 12 
Mean (mEq/L) 0.366 0.380 0.212 0.157 0.179 0.168 0.195* 
S.E. (mEq/L) +0.045 +0 .045 +0.021 +0.013 +0.031 +0.021 +0.030 
Pancreatoducdenectomized Patients 
n 9 9 9 9 6 9 9 
Mean (mEq/L) 0.545 0.479 0.295 0.195 0.161 0.1141 0.1511 
S.E. (mEq/L) +0.104 +:0.071 +0.044 +0.033 +0.017 +0.016 +0.046 
Gastrectomized Patients 
n 12 12 12 12 12 12 12 
Mean (mEq/L) 0.460 0.433 0.258 0.192 0,196 0.2081 0.344* 
* S.E.(mEq/L) --0.082 -E0.067 +0.035 +0.029 +0 .028 +0.038 +-0.063{ 


Statistically significant differences; 
*0.001 «p < 0.01 
10.02 < p < 0.05, $0.02 < p < 0.05 


- 

: duodenectomized patients and normal subjects. For these 
reasons, evaluation of endocrine function of the remnant 
of the pancreas can not be clarified when estimating fast- 
ing plasma levels alone. 

The oral glucose tolerance test was carried out for 
the following reasons: 1) physiological loading, 2) ab- 
sorption of glucose through the alimentary tract can be 
investigated. In pancreatoduodenectomized patients, glu- 
cose intolerance is clearly revealed, that is, in these pa- 
tients prolonged hyperglycemia and the slow return of 
blood sugar levels to a normal range are noted. Regarding 
the relationship between glucose and NEFA during the 
oral glucose tolerance test, plasma NEFA levels are sup- 
pressed until plasma glucose levels decline in pancreato- 
duodenectomized patients. So-called “caloric homeosta- 
sis’ appears to be well maintained even among these 

x- patients. There is no statistically significant difference in 
glucose plasma levels at 30 minutes among these pa- 
tients or normal subjects. This suggests that in these 
patients absorption of glucose is not disturbed. In normal 
subjects, plasma levels of IRI are significantly increased 


according to the initial elevation of plasma levels of 
glucose, then rapidly decreased. On the other hand, 
while plasma levels of glucose increased soon after glu- 
cose ingestion and remain elevated, plasma levels of IRI 
do not increase. Also, in these patients IRI plasma levels 
are significantly higher than those at fasting only at 60 
minutes (0.02 « p « 0.05). Regarding statistical differ- 
ences among IRI plasma levels between normal subjects 
and the patients, there is only a difference at 30 minutes 
(0.001 < p < 0.01). On the basis of such evidence, it can 
be concluded that the ability of the pancreas to secrete 
insulin in response to hyperglycemia is impaired in pan- 
creatoduodenectomized patients. 

Reconstruction of the alimentary tract such as is per- 
formed in pancreatoduodenal resection may play some 
role in the glucose intolerance of pancreatoduodenec- 
tomized patients. Plasma levels of IRI in gastrectomized 
patients increased significantly, responding to the initial 
hyperglycemia up to 120 minutes. The 90 minute blood 
sugar level stayed within normal limits. From this ob- 
servation, it can be concluded that oral glucose ingestion 


TABLE 4. Plasma IRI Levels during OGT T (100g) 














Time (min) —15 0 30 60 90 120 180 
Normal Subjects 
n 7 12 . 12 12 12 12 12 
Mean (&uU/ml) 21.7 24.2 74.9* 57.61 50.8 43.8 33.1 
S.E. (U/ml) +6.0 44.0 +9.5ft +10.4 +10.3 +8.7 +7.2 
Pancreatoduodenectomized Patients . 
n 10 10 10 10 7 10 10 
Mean (U/ml) 18.5 14.7 31.2* 41 .3ll 43.9 34.9 18.2 
S.E. (uU /ml) +3.6 +2.1 +8. 5§ +9.4 +14.3 43-6.3 +3.8 
Gastrectomized Patients 
» n 12 12 12 12 12 12 12 
Mean (uU/ml) 25.9 21-4 166.88 151.1/| 97.1 55.8 28.5 
S.E. (U/ml) +3.8 +3.1 4:28.21 --34.81 +21.9 12,9 +4.0 


Statistically significant differences; 
*0.001 <p « 0.01 

+0.01 < p «0.02, 10.02 < p < 0.05 
$ p < 0.001, lp < 0.001 
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is an effective stimulation for the pancreas when investi- 
gating insulin secretion and could also be utilized for 
the patients who have undergone gastrectomy with gas- 
trojejunostomy. With regard to plasma levels of glu- 
cose among gastrectomized and pancreatoduodenecto- 
mized patients there is no statistical difference either at 
fasting or 30 minutes. This fact suggests that absorption 
of glucose has not been disturbed in these two groups. 
At 60, 90 and 120 minutes, blood sugar levels of pan- 
creatoduodenectomized patients are significantly higher 
than those of gastrectomized patients. On the other hand, 
statistical differences of plasma IRI levels between the 
gastrectomized and the pancreatoduodenectomized are 
clearly demonstrated (Table 4). In the gastrectomized, 
hypersecretion of insulin is noted whereas in the pan- 
creatoduodenectomized, a hyposecretion is evident. It is 
consequently concluded that reconstruction of the ali- 
mentary tract in pancreatoduodenal resection does not 
contribute to glucose intolerance or to hyposecretion of 
insulin in pancreatoduodenectomized patients. 

From the preceding facts it is reasonable to presume 
that insufficient secretion of insulin from the remnant 
of the pancreas is one of major causes of glucose intoler- 
ance during the oral glucose tolerance test in pancreato- 
duodenectomized patients. 


Summary 


Pancreatoduodenectomized patients in whom at least 
caudal half of the pancreas had been preserved were 
subjected to an oral glucose tolerance test. Fasting plasma 
levels of glucose, NEFA and of IRI were within normal 
limits, however, glucose intolerance was obvious follow- 
` ing glucose ingestion. Estimation of plasma levels of glu- 
cose, NEFA and of IRI throughout the test strongly 
suggest that impaired insulin secretion from the remnant 
of the pancreas is one of major causes of glucose intoler- 
ance among these patients. On the other hand, from 
the results of the oral glucose tolerance test in gastrecto- 
mized patients, it is concluded that reconstruction of the 
alimentary tract in pancreatoduodenal resection does not 
contribute to glucose intolerance. 
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Influence of Duration of Hemodialysis on Early Post- 


e 


URING THE INITIAL 24-MONTHS OF OPERATION, the 
D Greater Los Angeles Mobile Kidney Preservation 
Unit, based at the Harbor General Hospital Campus of 
the UCLA School of Medicine, has Belzer machine! 
preserved 302 human cadaveric kidneys from 162 donors 
for transplantation. Two hundred and fifty-two of these 
kidneys have been transplanted. The Unit serves ten 
transplant centers affiliated with four medical schools 
in the Greater Los Angeles metropolitan area with a 
population of 10.2 million. 

Data concerning donor age and sex, duration of illness, 
circumstances and cause of cerebral death and terminal 
urinary output, creatinine levels and pre-harvesting drug 
management have been collected on all transplanted and 
non-transplanted kidneys which have been machine pre- 
served. Additional data has included warm and cold 
ischemia times at harvesting, machine perfusion flows 
and pressures and length of machine preservation. This 
information has been correlated with early post-trans- 
plant function of kidneys which, with machine preserva- 
tion monitoring, appeared to have a good likelihood of 
satisfactory post-transplant function. - 

Early post-transplant function, based on urinary out- 
put and blood urea nitrogen and serum creatinine levels, 
was classified as F (immediate and continuing good 
function for the initial 10-14 post-transplant days), F^? 
(immediate good function with accelerated rejection 
disfunction in the two to eight day post-transplant pe- 
riod), SF (slow initial function with diuresis by the 
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seventh post-transplant day and steady improvement 
thereafter in the initial 10-14 day period), and NF (no 
effective or adequate transplant function in the initial 
10-14 days post-transplant). 

Analysis of post-transplant early function reveals a 
marked difference in the types of early function (F, F^8, 
SF or NF) between transplant centers. The per cent of 
NF class transplant function ranged from 13 to 70 and 
the percent of F class function ranged from 20 to 65. 
F^* class function was highest at those institutions with 
the lowest percents of NF class function. A correlation 
appeared to exist with demonstrated presensitization as 
determined by the comparatively insensitive assay of re- 
cipient serum against a panel of cells from approximately 
100 donors. The highest pre-transplant levels were used. 
The values of these levels were compromised by the fact 
that the majority of recipients had only a limited num- 
ber (1 to 3) of studies against the panel prior to trans- 
plantation. All donor cell-recipient serum direct cross 
matches were negative when done. Despite these limita- 
tions, recipient antibodies against 12 or more per cent 
of the panel were found in five per cent of 101 F class 
early function first and second transplants. This com- 
pared with recipient antibodies against 12 or more per 
cent of the panel in 36 per cent of 83 NF early function 
class first and second transplants. Prolonged hemodialysis 
appeared to be the major factor in the presensitization 
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of these patients. The present study was undertaken to 
review the data from this experience to determine the 
influence of the duration of hemodialysis prior to trans- 
plantation on the early function of machine preserved 
cadaveric human kidneys transplanted in the Los Angeles 
area from the Greater Los Angeles Mobile Kidney Preser- 
vation Unit. 


Results 


The incidence of NF class early post-transplant func- 
tion for first transplants at the USC-County and UCLA- 
Harbor transplant centers was 13 per cent (9/71) and 
16 per cent (5/32). These were the centers which were 
most active in the use of cadaveric kidneys preserved 

' by our Unit and the centers with the lowest percent of 
NF class kidneys. Of the five NF class function kidneys 
transplanted at UCLA-Harbor, four recipients had anti- 
bodies against 10, 30, 38, and 89 per cent of the panel 
and the other recipient, who had been in hemodialysis 
for two- and-one-half years, hyperacutely rejected his 
transplant at the time of operation. Four of the USC- 
County NF class function kidney recipients had anti- 
bodies against 21, 35, 47 and 54 per cent of the panel. 
The remaining four recipients had been on hemodialysis 
8, 9, 13, 14 and 14 months, One of these recipients hyper- 
acutely rejected his transplant during operation. F class 
early function was markedly reduced and NF function 
was increased in second transplants at both USC-County 
and UCLA-Harbor. These findings suggest that well 
preserved human cadaveric kidneys should achieve F 
class function in non-sensitized recipients in excess of 
90 to 95 per cent of transplants. 

The role of length of time on hemodialysis in early 
post-transplant function of machine preserved kidneys 
of good quality, and on presumptive presensitization, 
may be seen in the early function experience of USC- 
County and UCLA-Harbor. The USC-County experience 
is presented in Table 1. Nineteen of the 21 kidneys trans- 
planted at USC-County into recipients on dialysis six 


TABLE 1. Effect of Duration of Hemodialysis on Early Post-Trans- 
plant Function of First Kidneys Transplanted at USC-County 





Classification of Early 
Transplant Function* 
Duration of 


Dialysis (mno) F FAR SF NF F (95) NF (90) 
0-6 19 - 2 0 0 9] 0 
7-12 18 6 2 2 64 7 
Over 12 Q 4 2 7 41 32 


* F (immediate and continuing good function for the initial 
10-14 post-transplant days), FAR (immediate good function with 
accelerated rejection disfunction in the 2-8 day post-transplant 
period), SF (slow initial function with diuresis by the seventh post- 
transplant day and steady improvement thereafter in the initial 
10-14 day period), NF (no effective or adequate function in initial 
10-14 day period post-transplant). 
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TABLE 2. Effect of Duration of Hemodialysis on Early Post-Trans- 


plant Function of First Kidneys Transplanted at UCLA-Harbor 


Classification of Early 
Transplant Function 
Duration of 


Dialysis (mo) F FAR SF NF F (%) NF (%) 
0-6 6 3* 2 11 50 8 
7-12 1 0 2 0 77 0 
Over 12 1 5 Í 4 9 36 


* Two of these recipients were women with pregnancy associated 
difficulties of possible immunological importance. One had eight 
pregnancies and eight miscarriages. A second transplant avoided 
antigens found in first donor and husband. It had F class early func- 
tion and normal BUN and creatinine levels two years post-trans- 
plant. The other recipient developed malignant hypertension and 
renal failure during pregnancy which required hemodialysis three 
months prior to transplantation. 

f This recipient had antibodies against ten per cent of the panel 


months or less achieved F class early function. The two 
kidneys which did not achieve this class of function did 
function immediately only to be involved in an acceler- 
ated (delayed hyperacute) rejection episode. There were 
no NF kidneys in this group. The incidence of NF class 
function kidneys increased to 30 per cent in recipients 


on hemodialysis for more than 12 months. Similarly the 


per cent of F class early function decreased from 91 to 
Al per cent with lengthening periods of hemodialysis. 

The UCLA-Harbor experience with first transplants is 
presented in Table 2. Two of the three F^* class early 
function kidneys in the 0-6 month dialysis group were 
transplanted into women who had had pregnancy-asso- 
ciated difficulties of possible immunological significance. 
The single NF class early function kidney in this 0-6 
month dialysis group had been transplanted into a re- 
cipient who had antibodies against ten per cent of the 
panel. A marked decrease in the per cent of F class early 
function and a corresponding increase on NF class func- 
tion was found in the over 12 month dialysis group. The 
per cent of NF class early function in the UCLA-Harbor 
over 12 months dialysis group was similar to the USC- 
County experience with this group. 

The combined experience of USC-County and UCLA- 
Harbor with first transplants of the F and NF classes of 
early function is presented in Fig. 1. A study of the ex- 
tremes of dialysis time (0-7 months and over 19 months) 
shows a concentration of F class early function kidneys 
in the shorter dialysis period and a greater number of 
NF class function kidneys in the longer period (Table 3). 
In both groups, NF kidneys were found to have cytotoxic 
antibodies against a higher per cent of the panel of cell 
donors than was found with F class kidneys. All of the 
nine SF class early function first transplant kidneys at 
USC-County and UCLA-Harbor had been transplanted 
into recipients who had been on dialysis for five months 
or more. The average duration of dialysis for SF first 
transplant kidneys was 14 months. 
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Duration of Hemodialysis 


Fic. 1. Relationship of duration of hemodialysis to F and NF 
classes of early transplant function for first kidney transplants 
preserved by our unit and performed at USC-County and UCLA- 
Harbor transplant centers. Each square represents one kidney 
transplant. The per cent of cytotoxic antibody against an elevated 
per cent (10 or more) of the panel of cell donors (Terasaki) is 
indicated in the square for the transplant involved. 


The combined experience of USC-County and UCLA- 
Harbor with secorid transplants reveals again a progres- 
sive increase of NF class early function with lengthening 
periods of hemodialysis (Table 4). Four of the six kid- 
neys in the NF class were transplanted into recipients 
with antibodies against 13, 58, 64 and 98 per cent of 
the panel. Two of the three SF kidneys were transplanted 
into recipients with antibodies against 15 and 54 per cent 
of the panel. It also is of interest that none of the F4 
kidneys were transplanted into recipients with detectable 
antibodies against the panel. There were only three 
second transplant kidneys in the F4® class and all of these 
were transplanted at USC-County, the transplant center 
which appeared to have the lowest incidence of pre- 
sensitization of recipients as presumed from data pre- 
sented early in this report. 

The influence of the duration of hemodialysis on F and 





TABLE 3. Combined USC-County and UCLA-Harbor Experience 
with Early Function of First Transplants with Respect to Duration 
of Hemodialysis 
Number Per cent 
With With 


Antibodies Antibodies 
Number Per cent. Against 12 Against 12 








Early of of or More or More 
Dialysis Function Kidneys Kidneys Percent Percent 
Time(mo) Class of Class of Class of Panel of Panel 
0-7 F 31/60 52 1/31 3 
NF 1/14 7 1/1 100 
Over 19 F 7/60 11 1/7 14 
NF 8/14 57 7/8 88 
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TABLE 4. Effect of Duration of Hemodialysis on Early Post-Trans- 
plant Function of Second Kidneys Transplanted at USC-County and 
UCLA-Harbor 


Classification of Early 
Transplant Function 


Duration of Per cent Percent 
Dialysis (mo) F FAR SF NF F NF 
0-6 1 0 0 0 100 0 
7-12 2 0 3 1 33 17 
Over 12 0 3 0 5 0 63 


F^? class early function of first kidneys transplanted from 
the unit's preservation machines in the Los Angeles area 
is presented in Fig. 2. Dialysis times tended to be shorter 
for F class early function kidneys. 

The role of duration of hemodialysis on F and NF 
class early function of first transplants in the Los Angeles 
area is shown in Fig. 3. Thirty-six per cent of F class 
function kidneys had been transplanted into recipients 
on hemodialysis four months or less and 81 per cent into 
those on dialysis 12 months or less. These figures com- 
pare with 15 and 59 per cent for kidneys of the NF 
function class. Eight NF class kidneys transplanted into 
children on dialysis five months or less have been omitted 
from this figure because of the unusual pattern of F and 
NF class function encountered at the Los Angeles Chil- 
drens Hospital and interesting questions raised concern- 
ing possible presensitization potentials in this age group 
which appeared to differ significantly from the adult 
response. 

The findings relative to F and NF class function in 
second transplants in the Los Angeles area shows again 
an influence of duration of hemodialysis as well as an 
influence of presensitization as determined by antibodies 
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Duration of Hemodialysis 


Fic. 2. Relationship of duration of hemodialysis to F and F4® 
classes of early transplant function for first kidney transplants pre- 
served by our unit and transplanted at Greater Los Angeles area 
transplant centers. Each square represents one transplant. Ele- 
vated antibody against-the-panel percents are shown within the 
squares. 
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L Months t——years— 
Duration of Hemodialysis 
Fic. 3. Relationship of duration of hemodialysis and antibody 
against panel percents for F and NF classes of early transplant 
function for first transplants performed at Greater Los Angeles 
area transplant centers. Each square represents one transplant. 


against the panel (Fig. 4). All of the F class early 
function kidneys were transplanted into recipients who 
had been on hemodialysis for 16 months or less, whereas 
81 per cent of NF class function kidneys had been trans- 
planted into recipients on dialysis 16 months or more. 

Five of the seven F class function kidneys, which had 
been transplanted into recipients on dialysis nine months 
or less, had. been transplanted into children, one with 
antibodies against 18 per cent of the panel. Seven of the 
12 F class second transplant kidneys had been trans- 
planted at the Los Angeles Childrens Hospital. 

The influence of duration of hemodialysis and presensi- 
tization as detected by antibodies against the panel also 
seemed to play a role in the early function class of kid- 
neys transplanted into recipients who, from tissue typing 
data, had no HL-A antigens on donor lymphocytes not 
detected on recipient lymphocytes (Table 5). An in- 
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Fic. 4. Relationship of duration of hemodialysis and antibody 
against panel percents for F and NF classes of early transplant 
function for second and third transplants performed at Greater 
Los Angeles area transplant centers. Each square represents one 
transplant. 
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creasing incidence, both of presensitization and poorer 
grades of early post-transplant function are noted with 
increasingly long periods of hemodialysis. Only one of | 
four transplants into recipients in whom a "full house," ` 
no antigen mismatch situation existed achieved F class 
function. None of the full house, no antigen mismatch 
transplants into recipients on dialysis more than ten 
months.achieved F class early function. 


Discussion 


The findings of this study suggest that suitably per- 
fusing (flow and pressure) machine preserved kidneys 
should function satisfactorily from the time of transplanta- 
tion and should continue to function well for at least the 
initial 10 to 14 days post-transplant in from 90 to 95 per 
cent of the transplants. Failure to achieve this level of 
early post-transplant function appears to be influenced 
in a strong way by the duration of hemodialysis prior 
to transplantation and presumably by length of dialysis 
associated presensitization to donor histocompatability 
antigens. Terasaki's group has shown an increasing level 
of hemodialysis patient sensitization with prolonged pe- 
riods of dialysis as determined by cytotoxic antibodies 
against ten or more per cent of a 100 donor cell panel. 

Certain difficulties exists with the use of the antibodies 
against the panel method of detecting recipient presensi- 
tization. In this study it was found that determinations 
were carried out relatively infrequently. Furthermore, 
the indirect nature of the assay does not supply specific 
information relative to recipient antibodies directed 
against donor histocompatability antigens. The fact that 
all transplants in this study, in which direct cross matches 


were done, were carried out into recipients with nega- ~q 


tive direct cross matches is evidence as to the relative - 
insensitivity of this cytotoxic method. Lucas? has shown 
with a sensitive radioimmunoassay that the accelerated 
type of rejection is associated with lower titers of hu- 
moral antibody than those associated with the immediate 
type of hyperacute rejection. The histopathology, none- 
theless, is quite similar. For this reason it is appropriate 
to consider this lower titer antibody rejection as delayed 
hyperacute. 

It would appear that early post-transplant malfunc- 
tions of good machine preserved kidneys of the F4®, SF 
and NF types may be a clinical indication of presensi- 
tizaion against which the various in vitro means of pre- 
sensitization determination may be evaluated. This may 
represent an extension of Hume's Law that clinical renal 
transplant function is the ultimate yardstick against 


which the value of all other measures of in vitro typing ^w 


and testing must be judged. Clearly, more sensitive 
means of detection humoral antibody presensitization of 
recipients are needed. 

The retrospective use of differential early post-trans- 
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TABLE 5. Influence of Duration of Hemodialysis on Early Function of Machine Preserved Kidneys Transplanted into Recipients with No Donor 


to Recipient HL-A Antigen Mismatch 


Antibodies Against 





% of Panel Number of HL-A Antigens 
Duration of Kidney (Highest Before Identified Early Function 
Perfused Kidney No. Dialysis Transplant No. Transplant) Donor Donor & Recipient of Transplant 
14 24 mo. 1 3 6 F 
150 3 mo. 1 16 3 6 NF 
108 4 mo. 1 2 3 6 F 
" 80 4 mo. 1 0 2 6 F 
55 6 mo. 1 0 2 5 F 
67 6 mo. t 0 2 5 NF* 
60 6 mo. 1 0 1 4 SF 
: 52 9 mo. 1 1 2 6 F 
130 10 mo. 1 4 4 8 F 
122 10 mo. 2 0 3 6 NF 
119 15 mo. 1 0 4 8 FAR 
205 18 mo. 1 3 2 5 NF 
w— 182 2 yrs. 1 1 3 7 F 
y 15 2s. 1 41 3 7 NF 
| 28 3 yrs. 1 89 4 8 NF 
154 4 yrs. 2 92 4 8 NF 
139 4k yrs. 1 89 3 7 NF 


R^ 


* Hyperacute rejection occurred during operation. 


plant function data of the type obtained here may be 
of value also in determining factors involved in levels 
of presensitization from institution to institution, particu- 
larly when, as is the case in Los Angeles, there is such 
a wide disparity in the incidence in poor and good early 
post-transplant function among multiple transplant cen- 
ters in one community utilizing a standardized and 
commonly shared machine preservation unit and service. 
These factors in addition to duration of dialysis, may 
involve types of hemodialysis equipment used, nature 
of water supply, the nature and frequency of blood 
transfusions, the pre-transplant use of splenectomy, age 
groups of patients being dialyzed, nature of recipient 
disease leading to dialysis, ancillary drugs used during 
dialysis including immunosuppression and steroid drugs, 
and a multiplicity of other factors which may be unique 
to each dialysis unit. 

The experience reported here indicates that increasing 
lengths of the time on hemodialysis are harmful to 
human cadaveric kidney transplant as judged by the 
quality of early post-transplant function and that this 
injury likely is due to presensitization to donor transplant 
antigens with varying but significantly high titers of 
antibody. 

Meaningful evaluation of the significance of immuno- 
suppression measures and tissue typing techniques in 
clinical renal and other organ transplantation can only 
be obtained when non-presensitized recipients are studied 
and effects of early post-transplant organ damage by 
humoral antibody is largely eliminated as an important 
factor in the ultimate outcome of the transplant under- 
taking. The senior author emphasized the importance 


of this approach in a 1971 report of the effectiveness of 
antihistamines and isoniazid in clinicalrenal trans- 
plantation.* 

It is urged that human renal transplantation be car- 
ried out prior to or at the least, quite shortly after the 
institution of hemodialysis for end-stage renal disease. 
It may well be preferrable to employ short term peri- 
toneal dialysis rather than hemodialysis for all transplant 
candidates prior to transplantation. Extensive trans- 
plantation of kidneys into a large population of recipients 
with a high incidence of high titer presensitization can 
lead only to progressively poor transplant results. 


Summary 


A 24-month experience with machine preservation of 
302 human cadaveric kidneys for transplantation from 
162 donors is reported with emphasis on the influence 
of the duration of hemodialysis on the early post- 
transplant function of the 246 kidneys which were trans- 
planted locally in the Greater Los Angeles area. 

Early post-transplant function was classified as F 
(immediate and continuing good function for the initial 
10-14 post-transplant days), F^* (immediate good func- 
tion with accelerated rejection in the two to eight day 
post-transplant period), SF (slow initial function with 
diuresis and progressive improvement in function by 
the seventh post-transplant day) and NF (no significant 
function of the transplant in the initial 14 days post- 
transplant). 

Increasingly prolonged periods of time on hemodialysis 
were found to be associated with progressively marked 
deterioration in the suitability of early post-transplant 
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function. At the USC-County transplant center, the most 
active user of the preservation service and the center 
with the apparent lowest incidence of recipient presensi- 
tization by early function findings, all 21 kidneys trans- 
planted into recipients on hemodialysis for zero to six 
months functioned immediately and 19 of these 21 kid- 
neys achieved F class early post-transplant function. 
In the group of recipients on dialysis over 12 months, 
F class early function had fallen from 91 to 41 per cent 
and NF class early function had risen from zero to 32 
per cent. Similar findings were encountered at UCLA- 
Harbor and less active users of the service. Duration of 
dialysis also was found to effect the early post-transplant 
function of kidneys transplanted into recipients with 
no donor to recipient HL-A antigen mismatch. 
Evidence is presented to suggest that functional levels 
less than the F class were due to recipient presensitiza- 
tion to donor histocompatibility antigens and this was 
related to the pre-transplant duration of hemodialysis. 
It is suggested that the non-attainment of F class early 
function may be a clinical indicator of the presence and 
degree of presensitization against which routine in vitro 
determinations of presensitization may be evaluated. 
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It also is suggested that evaluations of immunosup- 
pressive measures and tissue typing should be deter- 


mined in non-sensitized recipients as judged from early N 


post-transplant function of the F class. 

It is urged that clinical renal transplantation be carried 
out preferably prior to the institution of hemodialysis or, 
at least, quite soon after the beginning of hemodialysis. 
It is estimated that good machine preserved cadav- 
eric kidneys transplanted into non-sensitized recipients 
should achieve F class early function in 95 percent or 
more of the transplants. 
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‘Effect of Cholinergic Blockade on Insulin Choleresis in Dogs 


Y 

HE PRIMARY EVENT IN FORMATION OF BILE is the ac- 
Ton transport of bile salts by the hepatocyte into the 
bile canaliculus.18 This secretion of bile salts, which are 
derived from the enterohepatic circulation and from 
hepatic synthesis, is accompanied by water and inorganic 
electrolytes. The gastrointestinal hormones, including 
secretin, gastrin, cholecystokinin-pancreozymin and glu- 
cagon, increase bile flow, probably by stimulating the 
biliary ductules and ducts to secrete water and inorganic 
electrolytes.19. 

The role of neural mechanisms in the control of bile 
secretion is unclear. Insulin and 2-deoxy-D-glucose stimu- 
late vagal activity, and both agents cause an increase in 
bile flow. However, Gourlay and Jones? recently reported 
that complete truncal vagotomy failed to abolish the 
.. Choleresis produced by these vagal stimulants. This sug- 
P- gests that the choleresis produced by insulin and 2-deoxy- 
D-glucose is mediated by a non-cholinergic mechanism. 
This hypothesis would be strengthened if an anticho- 
linergic drug also failed to abolish the choleretic effect 
of insulin. 

The present study was done to determine the effect 
of atropine, an anticholinergic agent, on the choleresis 
induced by insulin. The results show that atropine is a 
weak choleretic and that insulin choleresis is mediated 
by a cholinergic mechanism. 


Methods 


Four mongrel dogs, weighing from 10 to 20 Kg were 
prepared with cholecystectomy, ligation of the lesser 
pancreatic duct, and insertion of a Thomas cannula‘ in 
the most dependent portion of the stomach. A second 
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Thomas cannula was inserted into the duodenum op- 
posite the opening of the common bile duct. Experiments 
were begun two weeks after surgery and were performed 
not more often than every other day. 

Following an 18-hour fast the common duct was intu- 
bated with a 6F. ureteral catheter, which was brought 
out through a hole in a cork used to occlude the duodenal 
cannula. Duodenal fluid was collected hourly through 
a second hole in the cork for pH. measurement with a 
combination electrode. 

The dogs received a continuous intravenous infusion 
delivered by a calibrated syringe pump” at the rate of 
60 ml/hr. throughout each experiment. The infusion was 
0.15M NaCl during the first hour after common duct can- 
nulation, followed by 0.15M NaCl containing sodium 
taurocholate (NaT)* in amounts necessary to provide 
dosages ranging from 9 to 72 uEq/min. The dosage was 
doubled each hour. 

Atropine was administered in one group of experi- 
ments. It was given immediately after the intravenous in- 
fusion was begun in a dosage of 0.08 mg./kg. in 10 ml. of 
0.15M NaCl over a 10 minute period, followed by 0.08 
mg./kg./hr. throughout the duration of the experiment. 
Regular insulin was administered intravenously in 
another group of experiments immediately after the in- 
travenous infusion was begun in a dosage of 1.5 units/Kg. 
in 10 ml. of 0.15M NaCl over a 10 minute period. One 
hour later insulin administration was resumed at a dos- 
age of 0.15 unit/kg/hr. and was continued throughout 
the experiment. In another group of experiments both 


* Harvard Apparatus Co., Millis, Mass. T" 
t Maybridge Chemical Co., Ltd, Tintagel, North Cornwall, ' 
England. 
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TABLE 1. Volume of Bile at each Dosage of NaT. 


NaT Infusion Rate 


(uEq/min.) Control Insulin Atropine Atropine plus Insulin 
9 1.71 + 0.12 3.50 + 0.30* 2.80 + 0.14* 2.49 + 0.271 
18 2.70 + 0.29 4.34 + 0.22* 3.36 + 0.14* 3.51 + 0.271 
36 4.02 + 0.18 6.12 + 0.37* 5.18 + 0.17* 4.94 + 0.451 
72 6.59 + 0.29 9.21 + 0.46* 7.79 + 0.32* 7.51 + 0.521 


Each value (ml./15 min.) is the mean + S.E.M. of two experiments on each of four dogs. 
* Significant difference (P < 0.05) from corresponding control value. 
t Significant difference (P < 0.05) from corresponding insulin value. 


Differences between atropine and atropine plus irsulin are not significant. 


insulin and atropine were administered, each in the dos- 
age and according to the protocol given above. 


Four groups of experiments were performed, including - 


control, insulin, atropine, and atropine with insulin. In- 
travenous administration of NaT in increasing dosages 
was carried out in each group of experiments. The order 
of tests was randomized. 

Bile was collected continuously in graduated centri- 
fuge tubes, separated into 15-minute samples, and the 
volume recorded. Bicarbonate concentration was de- 
termined. by adding 0.5 ml. of bile to 10. ml. of 0.IN HCI, 
boiling briefly, cooling, and titrating to pH 7.0 with 0.2N 
NaOH using an automatic titrator and pH meter. Chlo- 
ride concentration was measured with an automatic 
chloridometer. 

Gastric juice was collected continuously, divided into 
30-minute samples, and the volume recorded. Hydrogen 
ion concentration was measured by titration of a 0.2 ml. 
sample to pH 7.0 with 0.2 N NaOH using an automatic 
titrator. During insulin experiments venous blood sam- 
ples were obtained every two hours for glucose determi- 
nation by the 0-toluidine method.* 

The values for the flow and composition of bile were 
taken as the mean of the values of the last two 15 minute 
periods at each dosage of NaT. Statistical analysis was 
done using the t-test for non-paired values. As used in 
the text “significant” indicates p < 0.05. 


TABLE 2. 


Results 
Bile Volume 


Control bile volume increased as the dosage of NaT $ 


was increased (Table 1). Insulin significantly increased 
bile flow rate at each dosage of NaT. Atropine also sig- 
nificantly increased bile flow rate above control values. 
However, when insulin and atropine were administered 
together, bile flow rate remained the same as when atro- 
pine was administered alone. 


Bicarbonate Concentration 


Bicarbonate concentration remained constant as the 
dosage of NaT was increased (Table 2). Insulin sig- 
nificantly increased bicarbonate concentration at each 
dosage of NaT. Atropine had no effect on bicarbonate 
concentration when compared to control values. When 
insulin and atropine were administered together, values 
for bicarbonate concentration were nearly identical to 
those when atropine was administered alone. 


Bicarbonate Output 


In the control studies bicarbonate output increased 
as the dosage of NaT was increased (Table 3). Insulin 
significantly increased bicarbonate output at all dosages 
of NaT. When atropine was administered alone bicar- 
bonate output was slightly higher than control, but the 
differences were not statistically significant. When insu- 
lin and atropine were administered together the values 


Bicarbonate Concentration at each Dosage of NaT. 





NaT Infusion Rate 





(uEq/min.) Control Insulin Atropine Atropine plus Insulin 
9 18.5 + 1.9 32.2 + 3.9* 24.1 zx 6.3 21.7 + 2.5f 
18 18.6 + 1.8 33.2 d 3.7* 21.3 4 4.6 23.3 &3.1f 
36 22.4 4: 2.7 32.4 + 2.5* 21.8 +4.5 21.3 + 2.41 
72 17.8 + 1.5 32.3 + 2.6* 19.934 3.5 19.7 +4 2.2t 


——Á——————————— Ó—À —— — P (o — E E ee es 
Each value (meq./L.) is the mean + S.E.M. of two experiments on each of four dogs. 
* Significant difference (P < 0.05) from corresponding control value. 
t Significant difference (P < 0.05) from corresponding insulin value. 
Differences between values for atropine and atropine plus insulin are not significant. 
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TABLE 3. Bicarbonate Output ai Each Dosage of NaT. 


NaT Infusion Rate 


Á (uEq/min.) Control Insulin Atropine Atropihe plus Insulin 
9 32.5 + 5.2 109.9 +: 13. 5* 75.3 + 22.6 57.0 + 8.91 
18 53,9 + 10.7 141.8 + 14.7* 77.9 + 19.0 84.0 + 14.51 
36 93.2 + 13.7 212.5 + 16.1* 119.1 x 26.9 106.8 + 17.31 
72 | 117.9 + 11.1 301.9 + 30.3* 165.7 + 34.2 158.6 + 23.31 


r 


Each value (uEq/ 15 min.) is the mean + S.E.M. of two experiments on each of four dogs. 


* Significant difference (P < 0.05) from corresponding control value. 
1 Significant difference (P < 0.05) from corresponding control value. 


Differences between values for atropine and atropine plus insulin are not significant. 


for bicarbonate output were nearly identical to those 
when atropine was administered alone. 


Chloride Concentration 


Control chloride concentration decreased slightly as 
the dosage of NaT was increased (Table 4). Chloride 
concentration was not significantly altered by the ad- 
ministration of insulin or atropine, either singly or in 
combination. | 


Chloride Output 


Control chloride output increased as the dosage of 
NaT was increased (Table 5). Insulin produced a 
marked increase in chloride output at each dosage of 
NaT. Atropine also significantly increased chloride out- 
put above control values. Atropine and insulin, when 
administered simultaneously, increased chloride output 
to the same extent as when atropine was administered 
alone. - | 


creased from 0.2 to 0.9 meq/30 min. During experi- 
ments in which atropine was administered, either alone 
or with insulin, acid output was negligible. 


Discussion 


Bile salt was infused intravenously during the experi- 
ments in order to maintain the enterohepatic circula- 
tion artificially. Since hepatic secretion of bile salt pro- 
vides the primary driving force for bile formation, the 
volume flow rate and the composition of bile are de- - 
pendent on the amount of bile salt presented to the 
liver.18 Several dosages of NaT were employed to test 
the possibility that the action of insulin or atropine might 
be influenced by the rate of bile flow or the composition 
of bile as determined by the amount of NaT infused in- 
travenously. The results show that the changes in bile 
volume and composition produced by insulin and atro- 
pine, either singly or in combination, were consistent 
at all dosages of NaT. 

Atropine caused significant increases in bile volume 


Duodenal pH, Blood Sugar and chloride output, and an increase in the mean bicar- 
<}- The pH of 64 duodenal fluid specimens ranged from — bonate output which was not statistically significant. This 
6.0 to 7.8, and the median pH was 7.0. Mean blood glu- mild choleretic effect of atropine has not been previously 
cose concentration during control experiments was 118 + reported. A small percentage of an injected dose of atro- 
18 mg/100 ml Mean blood glucose concentration for pine is excreted in bile,’? but the amount of atropine 
all experiments in which insulin was administered, either available to bile in our experiments was far too small to 
alone or with atropine, was 34.8 + 1.2 mg/100 ml. provide the osmotic driving force necessary to account 
mE | for the amount of water which moved into the duct sys- 
Gastric Acid Secretion tem during atropine administration. We have shown in 
When insulin was administered alone mean acid out- other experiments (R. F. Harty, R. C. Rose, and D. L. 
put remained at values ranging from 2.6 to 4.5 meq/30 — Nahrwold, unpublished observations) that sympathetic 
min. (Fig. 1). In control experiments, during which NaT — neurotransmitters such as norepinephrine increase bile 
was administered, mean acid output progressively in- volume, bicarbonate output, and chloride output. Atro- 
i TABLE 4. Chloride Concentration at Each Dosage of NaT. 
NaT Infusion Rate 
(uEq/min.) Control Insulin Atropine Atropine plus Insulin 

v 9 97.9 + 3.9 104.0 + 5.1 96.7 + 5.7 93.1 + 6.4 

18 90.0 4- 4.5 95.6 + 4.5 91.4 + 5.2 88.0 + 4.9 

36 83.5 + 4.0 90.9 + 3.9 83.9 + 3.8 82.5 45.5.3 

72 78.1 4 3.4 84.7 4: 3.7 77.7 + 8.4 78.0 +: 3.6 


Each value (meq./L.) is the mean + S.E.M. of two experiments on each of four dogs. 


Differences between values at each rate of NaT infusion are not significant. 
. 
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TABLE 5. Chloride Output at Each Dosage of NaT. 
NaT Infusion Rate 
(uEq/min.) Control Insulin Atropine Atropine plus Insulin 
9 167.9 + 17.2 370.8 + 39.9* 266.6 + 16.2* 242.8 + 32.51 
18 231.4 + 19.2 420.1 + 32.6* 310.5 + 15.8* 317.3 + 28.51 
36 340.1 + 25.9 561.2 + 44.8* 429.1 + 19.0* 412.6 + 46.8T 
72 509.4 +: 29.9 782.3 + 58.1* 595.9 + 25.4* 578.3 + 46.21 
Each value (uEq/15 min.) is the mean + S.E.M. of two experiments on each of four dogs. 
* Significant difference (P « 0.05) from corresponding control value. i e 


. t Significant difference (P < 0.05) from corresponding insulin value. 


Differences between values for atropine and atropine plus insulin are not significant. 


pine, which blocks cholinergic transmission, produced 
the same type of choleresis in the present experiments. 
It is possible that the effect of atropine was due to un- 
opposed sympathetic activity. 

Insulin increased bile volume, bicarbonate concentra- 
tion and output, and chloride output. All the effects of 
insulin were blocked by atropiné. This clearly indicates 
that insulin choleresis is mediated entirely by a cho- 
linergic mechanism. 

In the absence of other information, this finding would 
suggest that the vagal excitation produced by insulin 
causes direct stimulation of the hepatic cells or ducts 
to secrete bile. However, Jones and associates®® have 
clearly shown that insulin choleresis is not blocked by 
complete truncal vagotomy, a finding which we have 
confirmed in our laboratory (D. L. Kaminski, R. C. Rose, 
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D. L. Nahrwold, unpublished observations). This sug. 
gests that insulin choleresis results from an intermediary 
mechanism which is blocked by atropine but not by 
vagotomy. Secretin and cholecystokinin-pancreozymin are 


potent choleretic hormones,!?! but there is no evidence ` $ 


that vagal stimulation causes their release. Exogenously- 
administered gastrin is a weak choleretic," but the im- 
portance of endogenously-released gastrin as a choleretic 
is not clear./?i* Release of gastrin by insulin is blocked 
by atropine;? however, studies to determine the effect 
of vagotomy on gastrin release by insulin have given 
conflicting results.915 While it is possible that gastrin 
caused the choleresis seen in these experiments during 
insulin administration, the evidence to support this hy- 
pothesis is not firm. 

Glucagon is a choleretic’® and there is some evidence 


Fic. 1. Mean acid out- 
put from gastric fistulae 
at each dosage of NaT 
during control experi- 
ments (closed triangles), 
and administration of in- 
sulin (open triangles), 
atropine (closed circles), 
or insulin with atro- 
pine (open circles). Each 
point represents the mean 
of eight experiments and 
vertical lines indicate one 
standard error of the 
mean. 


36 72 
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that this hormone is released during insulin hypogly- 
cemia.!" Therefore, it is also possible that glucagon was 
responsible for the choleresis during insulin administra- 
tion, If this is the case, our results suggest that atropine 
prevents either the release of glucagon or its action on 
the liver. Another explanation for our findings is the 
possibility that insulin has a direct pharmacologic action 
on the liver and that atropine blocks this action. Secretin, 
released by the presence of acid in the duodenum, is a 
potent choleretic. The failure of intraduodenal content 
to fall below pH 6.0 indicates that the gastric fistulae 
were effective in preventing entry of acid into the duo- 
denum. 

Fritz and Brooks? found that the anticholinergic drug, 
pipenzolate methylbromide, blocked the biliary volume 


response to insulin in dogs with an interrupted entero- 


hepatic circulation. However, they did not detect any 
effect due to administration of pipenzolate alone. In hu- 
mans, Baldwin, et al! found that simultaneous admin- 
istration of atropine and insulin produced bile flow rates 
lower than those with insulin alone, but higher than 
those under control conditions. They did not study the 
effect of atropine alone. 

Geist and Jones? found that atropine failed to inhibit 
the biliary response to a rapid intravenous injection of 
insulin in dogs. The apparent discrepancy between our 
results and those of Geist and Jones could be attributable 
to differences in the dosage of atropine. In our experi- 
ments twice as much atropine had been administered 
prior to NaT infusion than in the entire experiments of 
Geist and Jones. 

Eisenberg and associates? have shown that gastric acid 


#~ secretion is sustained during prolonged vagal stimulation 


4 


with 2-deoxy-D-glucose, indicating that the vagal mech- 
anism for gastric secretion is indefatiguable. Our find- 
ings indicate that prolonged vagal stimulation with in- 
sulin also causes sustained gastric hypersecretion. The 
effect of insulin on gastric secretion was blocked by 
atropine. 

There was a small increase in gastric acid secretion 
during tests in which NaT was administered alone. This 
was blocked by atropine, either alone or in combination 
with insulin. We have no explanation for this phenom- 
enon, but the finding demonstrates the necessity to pre- 
vent entry of acid into the duodenum during experi- 
ments with intravenous NaT administration. 


-— . 


Summary wow 


A series of experiments was designed to determine the 
effect of cholinergic blockade, produced by atropine, on 
the changes in bile flow and composition produced by 
insulin-induced vagal stimulation. The biliary responses 
of cholecystectomized dogs with biliary and gastric 
figtulae were studied during artificial maintenance of 
the enterohepatic circulation with intravenous NaT. In- 
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sulin increased the rate of bile flow, the concentration 
of bicarbonate, and the output of bicarbonate and chlo- 
ride in bile. These effects of insulin were blocked by 
atropine, which also had a weak choleretic effect. The 
study suggests that insulin-induced choleresis is mediated 
entirely by a cholinergic mechanism which is completely 
blocked by atropine. 
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Esophagoplasty for Corrosive Stricture of the Esophagus: 


CQUIRED STRICTURE OF THE ESOPHAGUS from the inges- 
A tion of corrosives is relatively common. It has been 
generally agreed that surgical reconstruction of the 
diseased esophagus becomes essential if a satisfactory 
esophageal lumen cannot be maintained by intermittent 
dilatations or other forms of conservative treatment. 
Prosthetic tubes and various autologous transplants have 
been used previously for the re-establishment of esopha- 
geal continuity.!! It is not the purpose of this communi- 
cation to critically evaluate their merits and disadvan- 
tages, but to present our clinical data, results and 
complications of esophagoileocoloplasty and esophago- 
coloplasty among 60 patients with corrosive esophageal 
stricture at the Army General Hospital and the Veterans 
General Hospital Taipei Taiwan during the past 14 
years from 1958 to 1972. 


Clinical Data 


Twenty-eight of our patients were male and 32 were 
female. Their ages ranged from 4 to 64 years and 26 of 
them (432) were young adults between 21 and 30 years 
of age ( Table 1). 

The interval between ingestion of corrosives and the 
times of reconstruction varied greatly. They ranged from 
2 to 6 months in 20 patients; 6 to 12 months in 18; 1 to 2 
years in 7; 2 to 5 years in 8; 5 to 10 years in 4; and 11, 
18 and 27 years in the remaining 3 patients. Nineteen of 


these patients had received antegrade dilatations for the 
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narrowed esophagus and 15 others each had a feeding 
gastrostomy or enterostomy before reconstruction. 

The level of esophageal strictures measured as follows: 
24 patients were in the upper third; 20, in the middle 
third; and 5, in the lower third. Two of our patients had 
multiple strictures, one involved the upper and middle 
third; the other one, the upper and lower third. The 
exact sites of strictures were not clearly recorded in the 
remaining 9 patients. Six of these patients were asso- 
ciated with pyloric obstruction which required pyloro- 
plasty for relief. 

A variety of corrosive agents were recorded as causes 
of the esophageal injuries. Twenty patients were injured 
by ingestion of one of the four acids, i.e., hydrochloric, 
sulfuric, nitric or carbolic acid; and 40 others, by inges- 
tion of lye. Thirty-seven patients (23 females and 14 
males) took corrosives in an attempt to commit suicide; 
21 others, by mistake; and the remaining 2 patients for 
reasons unknown. 

Among these 60 patients, 33 were followed for a period 
from 6 months to a year; 5, 1 to 3 years; 10, 3 to 5 years; 
9, 5 to 7 years; 5, 7 to 10 years; and the remaining 2 
patients, 13 and 14 years respectively. 


Method 


Esophagoileocoloplasty and Esophagocoloplasty 
The technique of esophagoileocoloplasty is a modifica- 
tion of our own which has been used during the past 
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six years with much satisfaction. The operation is done 
by two teams; one chiefly prepares the intestine for 
transplantation and the other prepares the esophageal 
stumps for anastomosis. The abdomen is opened through 
a median incision and the cervical esophagus is ap- 
proached through an incision made over the anterior 
border of the left sternomastoid muscle. After a general 
examination of the abdominal and cervical viscera, a 
retrosternal tunnel is made by blunt dissection simulta- 
neously from the abdominal and cervical wounds. The 
tunnel should be large enough for the operator's hand to 
pass through from the abdominal to the cervical outlet. 
The tunnel is then packed with a roll of gauze to stop 
oozing unti] the ileocolon is ready. After mobilization of 
the right colon and terminal ileum, the pedicle of the 


~ ileocolic vessels is clamped with Sarot nontraumatic 


clamp; meanwhile the required length of the transplant 
is measured. 

The terminal ileum is clamped with its mesenteric 
vessels, 8 to 12 cm. from the ileocecal junction. If the 
blood flow from the right colic through the communicat- 
ing arcades proves adequate, the ileocecal pedicle is 
severed, otherwise both ileocecal and right colic pedicles 
are cut off, as occasionally is required. Then the ap- 
pendix is removed and the terminal ileum is divided and 
its distal end is temporarily sutured, leaving both ends 
of the suture long enough to be tied up to the end of the 
gauze roll for traction. The transplant is now gently 
brought up anterior to the stomach into the cervical 
wound through the retrosternal tunnel by a bimanual 
manipulation of pull and push. Any fibrous bands felt at 
the thoracic inlet are divided. In most cases, there is no 
more oozing after withdrawal of the gauze roll. If such 
is not the case, the retrosternal space is drained by ure- 
thral catheter (with holes cut on its side) connecting 
with suction for a few days postoperatively. 

The esophagus is divided above the stricture at a level 
above the left clavicle. The distal stump of the divided 
esophagus is closed with two layers of silk sutures. When 
the obstruction is complete and the line of division is 
more than 1 cm. above the upper limit of the stricture, 
this part of the esophageal mucosa together with the 


 mucous glands is destroyed with concentrated carbolic 


acid before closure and the sac is drained with a ure- 
thral catheter. The ileal stump of the transplant is anas- 
tomosed end-to-end with the proximal stump of the cervi- 
cal esophagus, using two layers of interrupted fine silk 
sutures, one for mucosa only and another for other coats 
of the wall. If the lumen of the proximal stump of the 
esophagus does not match that of the ileal stump, a 
longitudinal slit is made in the esophageal stump before 
anastomosis. Occasionally, the ileal portion of the trans- 
plant is found to be compressed at the inlet of the thorax 
after anastomosis. If such is the case, a part of the manu- 
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TABLE 1. Age and Sex 
Age (years) No. of Patients Male Female 

4-12 8 5 3 
13-20 8 3 5 
21-30 26 9 17 
31-40 12 8 4 
41-50 4 1 3 
51-64 2 2 0 
Total 60 28 32 


brium and the sternal end of the left clavicle are re- 
sected. The cervical wound is closed with a Penrose 
drain left for 3 to 5 days. The whole segment of the 
esophagus distal to division is left undisturbed. 

In dealing with the abdominal wound, the transverse 
colon is divided to the left of the middle colic vessels. 
The proximal end of the colon is anastomosed to the side 
of the jejunum about 15 cm. distal to the ligament of 
Treitz. The proximal stump of the ileum is anastomosed 
end-to-end with the distal end of the transverse colon 
with emphasis that the anastomosis be done with the 
mesentery of the ileum and that of the transverse colon 
in opposite directions. The mesenteric rent is closed with 
sutures. Immediately before closure of the abdominal 
wound, a temporary Stamm gastrostomy is done for post- 
operative feeding. | 

If the pattern of the mesenteric vessels of the right 
side of the colon is such that the right colon can not be 
used as the transplant or it is found difficult to free the 
transplant because of dense fibrous adhesions resulting 
from previous local infection and/or operation, then the 
plan of operation is changed and the left-side colon is 
used instead. (Such situations were encountered in 6 
patients) Our technique of left esophagocoloplasty gen- 
erally resembles that of the Orsoni and Torpet's? except 
that we place the colon retrosternally instead of using 
the prethoracic route. The left colon transplant is anti- 
peristaltic. 

Our preoperative colon preparation includes daily 
enema and sulfasuxidine (2 gm. every 6 hours) for 4 
days in addition to neomycin (1 gm. every 4 hours) for 
the last 36 hours. A chest film is always taken shortly 
after recovery from anesthesia to make sure of the ab- 
sence of pneumothorax which, if present, needs tube 
drainage. For the first two weeks after esophageal re- 
construction, feeding is given through the gastrostomy 
tube. 


Complications and Mortality 


Twenty-one of 60 patients had complications following 
esophageal reconstructions. Among these 21 patients 15 
belong to the esophagoileocoloplasty group; and 6 others, 
the left esophagocoloplasty group. Many of these 21 
patients had 2 complications which occurred either si- 
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TABLE 2. 


Complications 


Transient leakage at cervical anastomosis 
Narrowing at ileoesophageal anastomosis 
Mediastinal empyema 


Cystic dilatation of distal esophageal stump with rupture 


Regurgitation 
Pneumothorax 


Herntation of colon transplant into right pleural cavity 


Intestinal obstruction 
Total (complication/patient) 
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Complications 


Esophagoileocoloplasty Esophagocoloplasty 


roup roup 
(1958-1966) (1967-1972) (1958-1966) (1967-1972) 


4 1 1 0 

11 3 1 0 

2 0 0 0 

1 0 1 0 

0 0 4 2 . 
2 1 1 0 

0 0 1 0 

2 0 1 0 

22/10 5/5 10/4 2/2 





multaneously or one after another, and all of the dou- 
ble complications occurred in the first 8 years of practice. 
A list of all of the 39 complications is given in Table 2. 

Transient leakage from the cervical anastomosis oc- 
- curred in 6 patients. It developed within 12 days after 
esophagoplasty. In 2 of these patients, the leakage was 
followed by development of empyema in the mediasti- 
num which required surgical drainage. The leakages 
themselves closed spontaneously in 1 to 2 weeks, but, 
- subsequently, narrowing at the ileoesophageal anastomo- 
sis occurred in all of these 6 patients. 

The cervical fistula of another patient originated from 
the closed distal esophageal stump. This patient had 
complete obstruction at the junction between the upper 
and. middle third of esophagus before reconstruction. 
The blind segment was cystically dilated and a leak was 
found at the suture line. The infected pouch was drained 
and repeatedly irregated with 18% solution of hydro- 
chloric acid. It took 4 months for the discharging wound 
to heal. Another case of cystic dilatation of the distal 
esophageal stump with symptoms of compression oc- 
curred in a patient whose stricture was at the lower 
third. The cyst of this patient was totally excised through 
a standard thoracotomy incision of the right side. 

The most common complication seen in the esopha- 
goileocoloplasty group was narrowing at the site of 
ileoesophageal anastomosis; this occurred in 14 patients. 
- These patients began to have swallowing difficulty from 
2 to 3 weeks after reconstruction. Four of them had a 
history of transient fistula at the cervical anastomosis 
before the onset of dysphagia. Of these 14 patients, 11 
responded well to bouginage and one recovered after 
resection of the left sternoclavicular joint which was 
found to be directly compressing the site of anastomosis. 
Resection of the stenosed stoma and reanastomosis were 
done for the other 2 patients. One felt greatly relieved 
after the second operation, but the other, who had had 
high cervical stricture before reconstruction, still had 
swallowing difficulty after reanastomosis. One of 6 pa- 
tients of the left esophagocoloplasty group had narrow- 
ing of coloesophageal anastomosis. This patient had no 


more complaint after intermittent dilatation for a period 
of 4 weeks. 

All 6 patients of the left esophagocoloplasty group had ` 
some degree of regurgitation and in 2 of them the symp- 
toms still recurred frequently 7 and 14 years after opera- 
tion. The patients were advised to keep upright or take a 
stroll after meals and keep the head of the bed slightly - 
elevated while sleeping. 

Routine postoperative chest roentgenography revealed 
pneumothorax in 4. patients. Tube drainage was insti- 
tuted immediately after diagnosis and the follow-up 
chest films were normal in all 4 patients. However, one 
of these patients who received left-colon esophagoplasty 
subsequently complained of distension in the right lower 
chest at each meal 3 years after operation. Contrast 
visualization of the colon transplant with barium meal 
showed that a segment of the colon had herniated into 
the right pleural cavity with dilatation of the herniated 
intestine and barium retention. Thoracotomy was done 
and a segment of the transplant was found to have pro- 
truded through a defect in the mediastinal pleura into 
the right pleural cavity. The kinked and dilated portion 


-of the colon was resected and the ruptured mediastinal 


pleura was repaired. The patient did not complain of 
distension any more after the second operation. 

Intestinal obstruction occurred in 3 patients. In one 
patient, abdominal distension and periumbilical pain de- 
veloped on the 7th. postoperative day. The roentgeno- 
gram of the abdomen showed distension of the loops of 
small intestine. Laparotomy revealed torsion of the ileo- 
colostomy which was resected and a new ileocolostomy 
was made after proper alignment. Another case of intesti- 
nal obstruction which developed 9 months after opera- 
tion was caused by fibrous adhesion. The patient recov- 
ered after division of adhesions at laparotomy. The third 
patient came to our emergency unit 18 months after 
esophageal reconstruction. Laparotomy showed dense 
adhesion in the region of intestinal anastomosis. Unfor- 
tunately, this patient died of cardiac arrest shortly after 
operation. | 

The death of another patient occurred suddenly aboyt 


Va 
rem 
4 


ie 


Vol. 179 * No. 4 


15 hours after reconstruction. Autopsy was done but 
failed to disclose the exact cause of death. 


Results 


The results of esophagoplasty were evaluated accord- 
ing to whether or not the patient complained of difficulty 
in swallowing solid, semiliquid or liquid diets after re- 
construction or second operation for post-operative com- 
plications. They were grouped into 3 categories: 1) good, 
in 55 patients (91.7%) who could swallow solid and/or 
semiliquid foods without difficulty; 2) poor, in 3 patients 
(5%) who had dysphagia when they ate solid and semi- 
liquid foods but who could eat liquid diets with little 
difficulty; and 3) failed, in 2 patients (3.3%) who could 
not even eat liquid diets. Of these 2 patients, one had 


“ received a second operation but stenosis recurred later 


at the site of reanastomosis, and the other declined to be 
reoperated. Both patients depended upon gastrostomy 
feeding to maintain their lives and both of them, who 
took corrosives for killing themselves intentionally before 
admission, committed suicide after leaving the hospital. 

A gain in weight was noted in all 55 patients with 
good results. Physical and psychic development of 8 
young patients (aged between 4 and 12) were entirely 
normal after reconstruction of the diseased esophagus. 


Discussion 


The experience with these 60 cases suggests that 
retrosternal esophagoileocoloplasty could be a recon- 
structive operation of choice for corrosive stricture of 
the esophagus if done properly. In the early years of 
our experience, we met with a variety of postoperative 
complications (Table 2). As a result of repeated modifi- 
cation of surgical technique, these have occurred less and 
less in recent years. 

The complication which occurred most frequently in 
the early period of our technical development was nar- 
rowing at the site of ileoesophageal anastomosis. The 
second was leakage from the anastomosis which was 
always followed by a varying degree of stricture at the 
site of anastomosis after cessation of leakage. Now we 
feel certain that the main cause of these two related 
complications was circulatory disturbance at the end of 
the ileal stump and that this can be effectively prevented 
if attention is given to the following six points at opera- 
tion: 1) The transplant should be long enough so that 
the anastomosis can be done without tension. 2) the 
retrosternal tunnel should be wide enough for the trans- 
plant to pass by without the risk of being compressed or 
twisted. 3) All the fibrous bands at the thoracic inlet 
should be divided if present. 4) If the space at the tho- 
racic inlet is still not big enough for the transplant to 
pass by, a part of the manubrium and the sternal end 
of the left clavicle should be resected. 5) The tem- 
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porarily closed end of the ileal stump of the transplant 
should be cut off before anastomosis instead of untying 
the sutures and reusing the traumatized stump. 6) If the 
lumen of the proximal stump of the cervical esophagus 
does not match that of the ileal stump of the transplant, 


a longitudinal slit should be made on the esophageal 


stump to render the circumference of the lumens equal 
to each other. As the leakage used to occur within the 
first 12 days after reconstruction, our patients were rou- 
tinely on tube-feeding through gastrostomy for the first 
2 weeks after operation as a measure to safeguard the 
normal healing of the cervical and abdominal anas- 
tomosis. 

It is worth noting that the esophageal mucosa above 
the upper limits of strictures should be destroyed before 
closure of the distal stump if the obstruction is complete, 
otherwise it may form a mucous-containing cyst as a 
result of continued secretion of the esophageal glands. 
We experienced two such cases; one became infected and 
ruptured at the suture line and the other developed 
symptoms of compression which required thoracotomy 
for total excision of the cyst. 

Another technical point worthy of emphasis is con- 
cerned with position of the proximal stump of the termi- 
nal ileum at the time of ileotransverse-colostomy. Before 
encountering the first case of postoperative intestinal 
obstruction, which proved at laparotomy to be due to 
torsion at the site of ileocolostomy, we did not pay much 
attention to the direction of the mesentery of the termi- : 
nal ileum and transverse mesocolon. By a lucky chance 
we later found that the anastomosis should be done with 
the mesenteries of the terminal ileum and the transverse 
mesocolon in opposite directions, i.e., the mesenteric side 
of the terminal ileum joined with the antimesenteric side 
of the transverse colon. Since then we have not met with 
a case of intestinal obstruction caused by torsion at the 
ileocolic anastomosis following esophageal reconstruc- 
tion. To our knowledge, this technical point has never 
been described. 

All 6 patients of the esophagocoloplasty group had 
some degree of regurgitation after operation. Such a 
complication can hardly be avoided because the trans- 
plants were antiperistaltic in their waves of movement. 
That is why we performed this procedure on only 6 
patients in the present series of esophageal reconstruc- 
tion. All were done out of necessity, not of choice. 

Our reason for using a segment of terminal ileum to- 
gether with the right-side colon is mainly technical. We 
found that the small space at the thoracic inlet accom- 
modates the ileum much more easily than the cecum or 
colon and the caliber of the terminal ileum is almost the 
same as that of the cervical esophagus. This makes the 
anastomosis much easier than that of an esophagocolos- 
tomy. Moreover, by using terminal ileum, only the ileo- 
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Fic. la. (left) Esophago- 
gram of a 25-year-old 
woman with a history of 
lye injury. Note complete 
obstruction in the upper 
third of the esophagus. 
Fic. lb. (right) Roent- 
genogram of the same pa- 
tient 2 years after esopha- 
goileocoloplasty showing 
well functioning retro- 
sternal transplant. 


Fic. 2a. (left) Esophago- 
gram of a 16-year-old boy 
with lye injury in the 
middle third of the 
esophagus. Fic. 2b. 
(right) Roentgenogram 
of the same patient 5 
years after esophago- 
ileocoloplasty showing ex- 
tensive filling of the 
transplant. 
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cecal vascular pedicle is divided, otherwise the right 
colic pedicle has to be divided also when the ileum is 
not used. | 

The rationale of utilizing a retrosternal tunnel has 
already given by Robertson and Sarjeant.!? This is cer- 
tainly a route of choice for bedding the intestine trans- 
plant for patients with corrosive stricture of the esopha- 
gus,.especially when the stenosed esophagus will not be 
removed. In such cases, the utilization of a transthoracic 
route not only needs a longer length of the transplant, 
but it would be difficult to prevent diaphragmatic hernia 
as a rent has to be made on the diaphragm for the pas- 
sage of the transplant. 

It is a matter for argument whether one should anas- 
tomose the distal end of the transplant, i.e., the proximal 
stump of the transverse colon, end to side into the wall of 
the stomach or into the wall of the proximal jejunum. As 
far as food reservoir and digestion are concerned, it is 
certainly more physiologic to have a cologastrostomy 
than a colojejunostomy. However, there is risk of devel- 
oping reflux colitis and peptic ulceration of the colon 
transplant, especially if the anastomosis is not followed 
by esophageal resection and/or vagotomy. This type of 
anastomotic ulcer had been documented in patients after 
cologastrostomy although its incidence is fairly low, rang- 
ing from 2.8 to 7.4 per cent. 55 Our results of colojejunos- 
tomy are gratifying. 

Another moot point worthy of discussion is whether 
the stenosed esophagus should be removed after esopha- 
goplasty. Joske and Benedict* suggested that a patient 
with lye stricture has a likelihood of developing carci- 
noma of the esophagus about 22 times greater than the 


"¢~ average person and reported that three of 58 patients 


with lye stricture subsequently developed carcinoma (an 
incidence of 5.2 per cent). Carver et al? encountered 2 
cases of esophageal. carcinoma in 233 patients with lye 
stricture (an incidence of 0.85 per cent). However, 
Marchand? failed to find a single case of carcinoma in 
135 patients with caustic stricture of the esophagus. 
However different the incidence may be, one must take 
notice of the possible difference between a stenosed 
esophagus which is continuously in use and that which 
became closed and unused. We are in complete agree- 
ment with the suggestion of Nardi? that the technical 
hazards in attempting removal of a severely scarred 
esophagus outweigh the theoretical desirability of its 
removal. If the stenosed esophagus is left in situ, the 
vagi are not interrupted, the distressing sequale of gas- 
tric atony, pylorospasm and/or disturbance of intestinal 
motility are avoided, and the result of esophagoplasty 
will be more gratifying to the patient. 
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Summary 


The clinical data, results and complications of esopha- 
goileocoloplasty and esophagocoloplasty among 60 pa- 
tients with corrosive strictures of the esophagus seen 
during the past 14 years are presented. Twenty-one of 
these 60 patients had postoperative complications which 
occurred mainly in the early years before standardiza- 
tion of our surgical technics. Effective measures for pre- 
venting postoperative complications are discussed. 

The results are evaluated according to whether the 
patient complains of difficulty in swallowing solid, semi- 
liquid or liquid diets after esophageal reconstruction or 
second operation for postoperative complications. Fifty- 
five of 60 patients (91.72) were rated as good (no com- 
plications); 3) others (52), poor (could eat liquid diets 
only); and the remaining 2 patients (3.32), completely 
failed. One patient died shortly after operation and the 
operative mortality in this series is 1.77. 
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Selective Vagotomy plus Suprapyloric Antrectomy with 
and without Pylorotomy for Duodenal Ulcer 


ELECTIVE VAGOTOMY plus suprapyloric antrectomy 
S evolved from experimental studies aimed at devis- 
ing a technically feasible operation for controlling the 
diathesis of duodenal ulcer without producing the dump- 
ing syndrome. Criteria of study were: 1) sufficient re- 
duction of acid secretion, 2) preservation of the pylorus 
and its function, and 3) preservation of enough stomach 
to serve as an adequate gastric reservoir. 

Selective vagotomy without complementary drainage 
was initially tested but proved unsatisfactory because of 
gastric stasis.93? Further study with selective vagotomy 
of the parietal cell mass resulted in nearly normal gastric 
emptying without stasis, but Heidenhain pouch secretion 
increased twofold..9 To prevent this increased secre- 
tion, suprapyloric antrectomy!! was added to selective 
vagotomy; the results were partial preservation of nor- 
mal rhythmic gastric emptying, no stasis, and decreased 
Heidenhain pouch secretion.!? Subsequent total or trun- 
cal vagotomy increased the pouch secretion.® 

Results of selective vagotomy plus suprapyloric an- 
trectomy best satisfied the experimental criteria. Conse- 
quently, this procedure was applied to patients with 
duodenal ulcer. In this report are presented the prelimi- 
nary results. 


Material and Methods 


During a 16-month period in 1968 and 1969, .20 pa- 
tients underwent selective vagotomy plus suprapyloric 
antrectomy (Group 1). During the subsequent 19 months 
extending from 1969 into 1971, an additional 20 patients 
underwent selective vagotomy plus suprapyloric antrec- 
tomy with pylorotomy (Group 2). In all 40 patients the 
preoperative diagnosis of intractable duodenal ulcer 
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was confirmed at elective operation by the finding of 
an active ulcer or the scar of healed ulcer. Patients with 
exigent hemorrhage, perforation, and obstruction were 
excluded. from study. 


Operative Technique 


Selective vagotomy was performed as previously de- 
scribed.* All gastric vagi were transected, and all hepatic 
and celiac vagi were preserved. 

The gastric outlet was calibrated by palpation with 
a finger inserted via a small gastrotomy and passed ` 
through the pylorus into the duodenum. When the 
caliber of the gastric outlet was deemed adequate by 
this method, suprapyloric antrectomy was performed. 
The stomach was transected distally a measured 1.5 cm 
proximal to the pylorus, and proximally at the antral- 
corpus border as determined by an intragastric spray of 
Congo Red.! The gastric remnant was closed along the 
lesser curve and then anastomosed end-to-end to the 
distal antral cuff. 

Pylorotomy was performed prior to suprapyloric an- 
trectomy in Group 2. The incision for pylorotomy en- 
tailed a full-thickness longitudinal transection of the 
anterior pyloric ring. All layers, including the mucosa, 
were transected to eliminate any stenosis from sub- 
mucosal fibrosis coexistent or secondary to the duodenal 
ulcer. This incision confined to the pylorus was always - 
less than 1 cm in length, and was closed transversely 
with three or four interrupted sutures. The result was 
a slightly more patulous pylorus which, when palpated 
from within, still imparted the sensation of a valvular 
ring. j 
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Secretory Studies 


Pre- and early post-operative analyses of basal secre- 
tions were done in all patients as previously described. 
Late basal and histamine stimulated secretions and in- 
sulin tests have not been obtained. 


Radiologic Studies 


Upper gastrointestinal series were done in all pa- 
tients during the fourth postoperative month. The 
barium was in a liquid medium customarily used for 
diagnostic purposes. Gastric emptying of solid food 
was not evaluated. 


Meals Provocative of the Dumping Syndrome 


Upon discharge from the hospital on or about the 
seventh postoperative day, no dietary restrictions were 
imposed and no symptoms of dumping were discussed. 
During the first three postoperative months patients 
were given provocative foods of high sugar content in 
liquid form (e.g., sweetened fruit juices, milk shakes, 
sugar coated pastries, and liberal servings of syrup and 
honey on hotcakes and breads). The occurrence of 
postcibal nausea, epigastric fullness, abdominal cramps, 
diarrhea, weakness, palpitation, diaphoresis, and faint- 
ness was recorded. 


Results 


Basal secretions were significantly decreased after 
operation. No free acid was present in the postoperative 
secretions of 28 patients. In the 12 patients with free 
acid, the highest secretion was 0.4 mEq of free acid 
per hour. 

Patients in Group 1 have been followed for three and 
one-half to five years, and Group 2 for 2-3% years. No 
ulcer has recurred. 


Group 1 (Without Plyorotomy) 


No symptoms of the dumping syndrome occurred. 
However, seven patients complained of symptoms of 
gastric stasis. Three of these seven patients had minimal 
symptoms (epigastric fullness and discomfort) but 
X-rays showed no signs of stasis. The other four pa- 
tients had more severe symptoms (dyspepsia, sour 
eructations, and occasional vomiting) and moderate 
retention of barium on X-rays. None of these seven pa- 
tients lost weight. The remaining 13 patients had no 
signs or symptoms of gastric stasis. 

One patient with symptoms and radiologic evidence 
of stasis requested operative relief two years after his 
initial operation, At second operation no ulcer was 
present and no obstruction was found at the anastomosis, 
pylorus or proximal duodenum. The antral cuff mea- 
syred 3 cm. from pylorus to anastomosis. Whether this 
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length was due to technical error in measuring 1.5 cm. 
at the first operation, or elongation of the antral cuff 
consequent to stasis, is unknown. Stasis was relieved 
by completing the antrectomy and establishing gastro- 
duodenostomy. Signs and symptoms in the other pa- 
tients with gastric stasis have not warranted reoperation. 


Group 2 (With Pylorotomy) 


No symptoms or radiologic signs of gastric stasis re- 
sulted. Minimal symptoms of the dumping syndrome 
(nausea but no weakness) were elicited repeatedly but 
not consistently by provocative meals in two patients. 
The remaining 18 patients had no dumping symptoms. 


Discussion 


Results in Group 1 raise several questions fundamental 
to gastric motility. Our previous experiments showed 
quite clearly that gastric stasis after vagotomy plus 
suprapyloric antrectomy?.? is significantly less than after 
vagotomy alone and without drainage.9!? Also, the distal 
transection for suprapyloric antrectomy 1.5 cm proximal 
to the pylorus is apparently a critical level, because 
transections more proximal to this level result in sta- 
sis.38.11 Explanation for these differences is not clear. 
Personal discussions with Maki and his group, who 
introduced suprapyloric antrectomy without vagotomy 
for benign gastric ulcer, brought to light their concept 
that an important mechanism for stasis after vagotomy 
without drainage is some type of antiperistalic dysfunc- 
tion of the so-called antral pump, and removal of this 
deranged pump by suprapyloric antrectomy eliminates 
the stasis.» However, the stasis found in four of the 20 
patients in Group 1 indicates that antral dysfunction is 
not the only factor. Gastric hypotonicity and outlet ob- 
struction by the intact pylorus must still be considered. 

Pylorotomy was evaluated in Group 2 with the ra- 
tionale of merely decreasing pyloric tonus rather than 
completely eliminating all tonus and outlet obstruction 
by conventional pyloroplasty. As previously described, 
pylorotomy provides a more patulous pylorus that still 
imparts the sensation of a valve-like ring when palpated 
from within. Results were successful on two counts. 
First, the combination of removing motile dysfunction 
in the antrum by suprapyloric antrectomy plus decreas- 
ing pyloric tonus by pylorotomy prevented gastric stasis. 
Second, and in contrast to total loss of pyloric function 
by pyloroplasty, partial preservation of the valvular 
action of the pylorus by pylorotomy prevented significant 
dumping from the hypotonic stomach. Continued use of 
pylorotomy in operations subsequent to this study has 
provided equally satisfactory results to date. 

By the criteria of operative mortality and recurrent 
ulcer, selective vagotomy plus suprapyloric antrectomy 
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with pylorotomy may be considered to occupy a position 
in between vagotomy plus pyloroplasty and vagotomy 
plus complete antrectomy. On the one hand, supra- 
pyloric antrectomy plus pylorotomy shares with pylore- 
plasty the advantage of avoiding dissection in the arca 
of the duodenal ulcer. On the other hand, suprapyloric 
antrectomy is a more extensive procedure than pyloro- 
plasty. In regard to recurrent ulcer, the follow-up period 
of two to five years in this study does not permit long- 
term appraisal. However, the addition of suprapyloric 
antrectomy may reasonably be expected to provide more 
protection against recurrent ulcer than pyloroplasty. The 
amount of acid in the postoperative secretions in this 
study is much less than after pyloroplasty.® Also, in view 
of the fact that gastric stasis is a notorious precursor of 
recurrent ulcer after vagotomy plus pyloroplasty, the 
results of no recurrences in this study despite the stasis 
in Group 1 indicate the added protection of suprapyloric 
antrectomy. These results support our experimental find- 
ings that the amount of gastrin released after removing 
all but 1.5 cm of the distal antrum is significantly less 
than that released from the entire antrum.!*:8 Whether 
this 1.5 cm of antrum left in the acid stream will prove 
to be a significant cause of recurrent ulcer remains to 
be seen. 

At the beginning of this study, Eric Amdrup, a pre- 
vious associate, began evaluation of selective vagotomv 
of the parietal cell mass without drainage (synonyms: 
proximal or highly or super selective vagotomy, parietal 
cell vagotomy). Amdrup's? results, and the results of 
others,!?!? indicate the superiority of this procedure 
in preserving normal gastric emptying. Also, with the 
exception of obese patients in whom the dissection may 
be inaccurate and tedious, parietal cell vagotomy is a 
procedure of distinctly less magnitude than any other 
operation. However, the early recurrence of ulcer in 
some series!?/!? suggests the ulcerogenic potential of the 
residually innervated antrum, which is contrary to the 
alleged inhibition by this antrum. It may be concluded 
that the eventual place of parietal cell vagotomy, and 
also selective vagotomy plus suprapyloric antrectomy 
with pylorotomy, is dependent upon longer periods of 
follow-up observations to evaluate the long-term rate of 
recurrent ulcer. 
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Summary and Conclusions 


Selective vagotomy plus suprapyloric antrectomy with- 
out pylorotomy for duodenal ulcer in 20 patients followed 
for three and one-half to five years resulted in no re- 
current ulcer but an unsatisfactorily high rate of gastric 
stasis. Complementary pylorotomy in an additional 20 
patients followed for 2-35 years resulted in no recurrent 
ulcer, no gastric stasis, and minimal dumping symptems. 
These results with pylorotomy have encouraged con- 
tinued use of selective vagotomy plus suprapyloric an- 
trectomy as the operation of choice for controlling the 
diathesis of duodenal ulcer without producing the dump- 
ing syndrome. 
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New Techniques for Long-term Intravenous Feeding: 


An Artificial Gut in 75 Patients 


CL. SOLASSOL, H. JOYEUX, L. ETCO, H. PUJOL, CL. ROMIEU 


N RECENT YEARS several techniques have been devel- 
I oped to achieve intravenous feeding.^9" However, 
the definition of “long-term” intravenous feeding re- 
mains unclear. The nutrient solutions currently available 
can provide adapted and adequate nutrition to malnour- 
ished patients for prolonged periods,® but limits are 
imposed on each technique by its mode of access to 
the circulation. 

At the Cancer Institute of Montpellier technical de- 
velopments in the mode of access to the circulation, in 
the utilization of nutrient solutions and in the infusion 
apparatus have made long-term intravenous feeding pos- 
sible on an ambulatory basis in the hospital or at home. 


Circulatory Access 


Our past experience in parenteral nutrition using 
arteriovenous shunts or fistulae, superior vena caval and 


tight atrial indwelling catheters has already been re- 


ported.? The complications encountered with these tech- 
niques led us to search for a different method. The prin- 
ciples of our present technique are: 

l. The cannulation of a collateral of a large diameter 
deep venous trunk through which hypertonic infusate 
is delivered at a uniform rate. This ensures rapid dilu- 
tion of the infusate in an area of high blood flow and 
it precludes the introduction of foreign body into the 
stream of blood flow; thus it minimizes the risks of 
phlebitis and thrombosis. 

2. The access route does not restrict limb movement. 
The deep venous trunk is either a tributary of the su- 
perior vena cava (upper axillary or subclavian vein) 
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or a tributary of the inferior vena cava (external or 
common iliac vein). The cannulation is performed sur- 
gically in the operating room under local anesthetic using 
a Teflon-tipped silicone rubber cannula* (Fig. 1). 


Cannulation of a Collateral of the Upper Axillary or 
Subclavian Vein 


A horizontal skin incision is made 2 cm below the 
clavicle and 2 cm medial to the delto-pectoral triangle. 
The clavicular fibers of the pectoralis major muscle are 
divided to expose the deep venous collaterals lying on the 
pectoralis minor. The dissection is continued to expose 
the collaterals up to their junction with the deep venous 
trunk. Care must be taken to avoid cannulation of the 
collaterals which flow into the anterior wall of the venous 
trunk. An inferior or superior collateral is selected for 
cannulation, ligated distally and mobilized proximally 
with blunt dissection. A 3-0 ligature is passed around 
the mobilized segment, reflected proximally and tagged. 
The anterior wall of the collateral is grasped with fine 
forceps less than 2 cm from the junction with the deep 
venous trunk and a transverse wall-incision made distal 
to the forceps. The Teflon-tipped Scurasil cannula is 
inserted far enough into the collateral so that the end 
of the Teflon tip is exactly at the junction of the collateral 
with the venous trunk. The tip is secured within the 
collateral vessel by tying the tagged 3-0 ligature and then 
resecured in a “suspender” fashion around the Scurasil 
outer cannula (Fig. 1). The cannula is then well-anchored 


* Scurasil: Rhóne-Poulenc, France. 
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in order to prevent its penetration into the venous trunk 
by suturing it to a fixed point, either the first rib or the 
subclavius muscle insertion on the clavicle. 


Cannulation of a Collateral of the External Iliac Vein 


A horizontal skin incision is made over the inguinal 
ligament medial to the external iliac artery. The aponeu- 
rosis of the external oblique muscle is divided to expose 
the inferior epigastric vessels between the inguinal liga- 
ment and the conjoined tendon. The inferior epigastric 
artery is ligated and divided if it presents an obstacle and 
the inferior epigastric vein is cannulated in the manner 
described above, the cannula is then anchored by sutur- 
ing it to the pectineal part of the inguinal ligament. 

The proper placement of the Teflon tip is verified in 
all cases by the free back-flow of blood into an aspirating 
syringe. A trocar is then used to drive the distal end 
of the Scurasil segment of the cannula 15-20 cm along 
a subcutaneous tunnel and an exit is made in the an- 
terior thoracic wall (superior cannula) or in the peri- 
umbilical wall (inferior cannula). 


Solution Preparation and Administration 


Two-liter flasks of infusate are prepared and filled in 
a sterile room on the hospital ward. All of the nutrient 
constituents of the daily parenteral diet are mixed to- 
gether in the same flask for simultaneous infusion. 

Bacteriological, physiochemical and biological con- 
servation studies performed on the complete mixture 
(stored at 4°C) gave excellent results and the mixture 





TEFLON 


SCURASIL 


Fic. 1. Schematic representation of a cannulated collateral of 
a deep venous trunk. The end of the teflon tip is placed at the 
junction of the collateral with the deep venous trunk. The Teflon- 
Scurasil cannula is secured within the collateral vessel in “sus- 
pender” fashion. The distal end of the Scurasil segment of the 
cannula is run along a subcutaneous tunnel to its exit site and 


capped. 
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TABLE 1. Comparative Table of Adult Hyperalimentation Regimes 
Hallberg 

Schuberg and Dudrick Solassol Joyeux 

Wretlind 1966 1969 1973 
Water 
ml/kg/day 25-35 40-50 30-40 
Calories 
kcal/kg/day 25-30 40-50 60-70 
Nitrogen ^ 
em/ke/day 0.13 0.17-0.26 0.30-0.40 
Carbohydrates 
gm/kg/day 2 1.5-9 6-8 
Fat 

0 2-3 


gm/kg/day 2 





was first tested in dogs. In the last two years we have 
utilized more than 4500 two-liter flasks in patients. 

The composition of the nutrient mixture is tailored to 
the patient's present needs while also taking account of 
his weight prior to his disease. Adequate caloric and 
nitrogen intake is provided in order to obtain improve- 
ment of the patient's general condition, weight gain and 
positive nitrogen balance. An optimal calorie to nitrogen 
ratio of 200 kcal per gram of nitrogen is maintained. 
The average parenteral diet used for hyperalimentation is 
shown in comparison with other diets in Table 1. 

Carbohydrate is provided in the form of anhydrous 
glucose solutions of 15%, 22.5%, 30% and 50% starting with 
the 15% solution and increasing to each succeeding level 
after adjustment periods of 4-5 days. Tolerance is evalu- 
ated by clinical impression and fractional urine sugars 
and insulin is used when required. Fat is provided as a 
soya bean base emulsion (Intralipid 20% Vitrum) and 
protein as a casein hydrolysate containing 20 gm nitro- 
gen per liter ( Aminosol Vitrum? ). Electrolytes and vita- 
mins are provided in approximately the same propor- 
tions as utilized by Dudrick.! Micronutrients were given 
in once weekly plasma transfusions but are now added 
directly to the mixture. 

Simultaneous infusion of the nutrients has several ad- 
vantages. First, multiple manipulations of the feed-line 
and their attendant risks are avoided. Second, the daily 
infusion period is reduced to 8-12 hours. The limiting 
factor on the infusion time is that one liter of 50% glucose 
solution cannot be infused in less than 12 hours. In fact, 
if each of the nutrient subunits were infused separately, 
22 hours would be required for their infusion.* 

The infusion period is either diurnal or nocturnal. Be- 
tween infusion periods the cannula is disconnected from 
the feed-line, filled with a solution of heparin in isotonic 
saline and capped in order to prevent back-flow and 
thrombosis. Strict aseptic and antiseptic measures must 
be applied in the preparation and administration of the 
mixtures and in the day-to-day care of the infusion can- 


* Rhóne-Poulenc, France. 
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Fic.*2. Patients with por- 
table models for ambula- 
tory intravenous feeding. 
The complete mixture is 
contained in a two-liter 
(left) or a one-liter 
(right) Scurasil sac and 
the pump is on the waist- 
belt. In (left) both the 
superior and inferior in- 
cision sites can be dis- 
cerned. 


nula in order to ensure safe long-term intravenous feed- 
ing. To date we have been able to maintain patency of 
a single cannula for 4 months (nine cases) without 
complications. 


Infusion Apparatus 


In conceiving the apparatus, one must provide for 
the patients comfort and rehabilitive ambulation in 
order to gain his acceptance and cooperation for long- 
term intravenous feeding. 

A portable system is used in ambulatory patients in 
which the nutrient mixture is carried in either a two-liter 
or one-liter Scurasil bag and delivered by a three-speed 
miniaturized battery-driven pump? weighing less than 
400 gm which is suspended from a waist-belt. The bag 
is washable and can be sterilized in an autoclave. It is 
filled in a sterile room from a premixed two-liter flask. 
The bag has one filling-line (also used for washing) and 
one feed-line. The model which has been used is shown 
in Fig. 2 (left) but the definitive models will be in the 
form of a lifejacket as shown in Fig. 2 (right). 

In bed-ridden or nocturnally-infused patients the nu- 
trient mixture is carried in a two-liter bottle hung at 
the bed-side and delivered by a larger rheostat-controlled 
pump that is plugged into a wall jack. The pumps em- 
ployed ensure constant rates of infusion which can be 
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varied with the pump speed and the caliber of the tubing 
used. 


Results 


This technique was used in 75 patients in the period 
from June 1971 to December 1972. On admission all of 
these patients were in advanced states of malnutrition 
which rendered all other treatment difficult. Sixty-six 
patients had malignant disease, 54 of these in evolutive 
stages and 12 suffering from sequelae. Nine patients 
were admitted with non-neoplastic but severe disease 
(three ulcerative colitis, one regional enteritis, one mas- 
sive bowel resection for mesenteric thromboembolism, 
four cirrhosis ). 

The total perfusion time for the 75 patients was 4260 
days and each of the patients was fed parenterally for 
more than 30 days. In 16 patients the infusion period 
ranged from 4 to 8 months: 4 months in 10 patients, 5 
months in four patients (one patient had 14 months of 
domiciliary parenteral nutrition), 6 months in one case 
and 8 months in one case. 

Total intravenous feeding was instituted in 51 patients; 
in 10 cases oral water intake was strictly prohibited; in 
32 cases supplemental intravenous feeding was carried 
on when enteral feeding became possible. Supplemental 
intravenous feeding was initiated and carried out in 
twenty-four patients. 

At the Cancer Institute of Montpellier long-term in- 
travenous feeding and hyperalimentation have been im- 
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TABLE 2. Complications of Intravenous Feeding in 75 Patients 





Number Mortality 


Complication 


Metaboltc: 


fluid overload 3 2 

plasma hypertonicity 1 1 
Sepsis: 

Candida albicans 1 0 
Thrombosis 

deep vein thrombosis 6 0 





portant adjuncts to treatment. Through their use, patients 
with neoplastic disease have been able to withstand more 
aggressive and complete surgical, radiation and chemo- 
therapeutic measures. 

Total intravenous feeding has been of great value in 
the treatment of non neoplastic disease. Complete re- 
gression of symptoms and lesions were obtained in two 
out of three cases of ulcerative colitis (in the third case 
there was associated diffuse polyposis) and in one case 
of regional enteritis. Our results in patients with liver 
failure were poor, however, they were all decompen- 
sated cirrhotics and three of the four succumbed to the 
evolutive process of their disease. 


Complications 


The complications encountered in seventy-five patients 
fed intravenously in the manner described in this article 
are summarized in Table 2. 

Four patients developed metabolic complications from 
which one died of hyperosmolar coma and two of pub 
monary edema from fluid overload. The latter were 
patients afflicted with severe atherosclerotic heart dis- 
ease. One patient developed Candida septicemia sec- 
ondary to antibiotic administration which undoubtedly 
upset the growth of the intestinal flora. The six cases of 
deep vein thrombosis occurred in the first months of 
our clinical experience with the technique and were 
due to the use of 90% alcohol to fill the cannula between 
infusion periods. We had intended to use the alcohol 
as a fat solvent to maintain prolonged cannula patency. 
In all cases the thrombosis regressed after removal of 
the cannula and this practice was subsequently discon- 
tinued. 


Discussion 


The technique described can be applied to many ac- 
cess routes to the circulation, however, the availability 
of these routes is governed by certain circumstances. The 
cannulation of the collaterals of the superior vena caval 
system is contraindicated in patients with oropharyngeal! 
cancers because prior radiation therapy has caused 
sclerosis of the collateral veins. The cannulation of the 
collaterals of the inferior vena caval system is contrain- 
dicated where there is suspicion of retroperitoneal me- 
tastasis because of the risk of inferior vena caval com- 
pression. 


SOLASSOL AND OTHERS 


Ann. Surg. * April 1974 


The in vitro and in vivo conservation studies per- 
formed on the complete mixture stored up to six months 
at 4^C. have yielded excellent results. These studies indi- 
cate that advance preparation of standardized mixtures 
for individual patient needs (pre-operative, post-opera- 
tive, hvperalimentation, neurosurgery, kidney disease, 
liver disease, pediatrics, etc . . .) is possible. Further- 
more the results of these studies should make the re- 
frigerated storage of the mixtures in the home permissible 
and thus make true domiciliary intravenous feeding feasi- 
ble. 

We define long-term intravenous feeding as a period 
of at least thirty days. Shorter periods are considered to 
be short to medium-term. 

The use of long-term intravenous feeding or hyper- 
alimentation require deep venous trunk access and can 
only be applied in specialized units. On the other hand, 
less concentrated mixtures containing 10-15% glucose so- 
lutions can be used for short to medium-term parenteral 
nutrition delivered via superficial or deep peripheral 
veins. This can be carried out in non-specialized services 
and its possibilities for application are wide. 

Total long-term intravenous feeding is capable of 
supplanting the major functions of the gastrointestinal 
system and has justifiably been termed as an "artificial 
gastrointestinal tract” (Rhoads) or “artificial gut" ( Scrib- 
ner). The portable model and the possibility of in the 
home use make the system all the more satisfactory for 
both the patient and those engaged in patient care. 
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The operation was a success. Now her 
blood pressure, pulse and respiration are holding 


steady. Soon, she'll be coming out of the anesthetic. 
“And there probably won'tbe any nausea or vomiting! 


That's one complication which can be largely 
avoided today —thanks to modern surgical 
technic, modern anesthetic agents and Tigan, 
a modern antiemetic. 


Because of its specificity and relative lack of 
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the OR and recovery room. Unlike phenothiazines, 
whose antiemetic effect is often accompanied 
“by hypotension and always by CNS depression, 
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stop nausea and vomiting. 


Tigan has been used successfully with many 
different anesthetics and in all types of surgery 
without potentiating the anesthesia, delaying the 
awakening or altering the patient's vital signs 
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been reported). 


Administered intramuscularly, the onset 
of action is usually very prompt; the recommended 
adult dose: 2 ml. (200 mg.) t.i.d. or q.i.d. (Tigan 
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not been established. 

Precautions: During acute 
febrile illness, encephalitides, 
gastroenteritis, dehydration and 
electrolyte imbalance, especially in 
children, the elderly or debilitated, 

CNS reactions have been reported with 
and without use of antiemetic agents. 

In such disorders exercise caution in 
administering Tigan (trimethobenzamide 
HCl), particularly together with other 
CNS-acting agents. Severe emesis should 
not be treated with an antiemetic drug 
alone; where possible, establish cause of 
vomiting. Direct primary emphasis 
toward restoration of body fluids and 
electrolyte balance and relief of fever and 
causative disease process. Avoid 
overhydration which may result in 
cerebral edema. Antiemetic effects may 
impede diagnosis of such conditions as 
appendicitis and obscure signs of 
toxicity from overdosage of other drugs. 

Adverse Reactions: 
Occasional reports of hypersensitivity 
reactions and Parkinson-like symptoms; 
rare occurrences of blood dyscrasias, 
blurring of vision, coma, convulsions, 
depression of mood, diarrhea, 
disorientation, dizziness, drowsiness, 
headache, jaundice, muscle cramps and 
opisthotonos have been reported. 
Allergic-type skin reactions have been 
reported; discontinue use at first sign of 
sensitization. There have been a few 
instances of hypotension reported 
following parenteral administration to 
surgical patients. 

How Supplied: Tigan 
Injectable— Vials, 2 ml. (200 mg.). 
Disposable Syringes, 2 ml. (200 mg.). 
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BETADINE Antiseptic Gauze Pad 
BETADINE Solution Swabsticks 
BETADINE Solution Swab Aid 









CONTAINS CINE PAD 


BETADINE Antiseptic Gauze Pad 


Topical microbicidal dressing (3" x 9") 

impregnated with the same active ingredient as in BETADINE 
Solution ...for prevention and treatment of surface infections 
...degerming the skin and disinfecting wounds, burns, 
lacerations and abrasions. 





BETADINE 


Solution Swabsticks 
Antiseptic applicator tips for 
hard-to-reach smaller sites, in- 
cluding folds and creases. Use for 
degerming the skin prior to injec- 
: tions, aspirations, surgery, uri- 
BETADINE nary catheterization; in disinfection of skin 
EY in minor wounds; in preoperative oral tissue 
degerming; preparing skin for dressing changes. 


BETADINE 
Solution Swab Aid 


Small single-use antiseptic pad for prompt degerming of 
small skin areas prior to such procedures as injections, 
aspirations, catheterization and surgery . . . and in cuts, 
minor wounds, burns, lacerations and abrasions. 
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is the new Prepper Iodophor Handle. 


A sponge on a handle pre-filled with 
just the right amount of solution. 
There's one for scrub. Another for 
antiseptic paint. To use either, just 
snap the seal and squeeze the handle 
to control the flow of solution into the 
sponge. No spills. No mess. Nothing 
wasted. You get better scrubbing 
action, a smooth, even antiseptic 
application, a lint-free incision site 
and tight control on prepping costs. 

But hold on. The Prepper Handle 
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BUILDING ON A CENTURY OF QUALITY 
HEALTH CARE PRODUCTS 


winged sponge is another. And our 
new paint applicator on a handle is 
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But best of all is what we've done 
with all these new innovations. We’ve 
packaged them into a comprehensive 
system of prep kits and components. 
No matter what your present prep- 
ping procedure, you can simplify your 
technic with one or more of the 
new Prepper skin prep products. 
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your Davol rep would be pleased to 
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(or us) today. 
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lished journal in the English language solely 
devoted to the surgical sciences. The Editorial 
Board considers only papers judged to offer sig- 
nificant contributions to the advancement of 
surgical knowledge. 
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manuscript and four copies of the illustrations 
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complete copy of the manuscript including illus- 
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be placed at the beginning of the manuscript. It 
should accurately reflect the paper and provide 
readers with a reliable impression of the contents 
and conclusions of the work. 
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 - Etmetecon 
(benzquinamide HCl)": 


Usual adult dose: IM-50 mg., IV-25 mg. 
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PRESCRIBING INFORMATION 

Emete-con™ (Benzquinamide-Hydrochloride) 
For Intramuscular and Intravenous Use 
Description. Benzquinamide is a non-amine-de- 
pleting benzoquinolizine derivative, chemically 
unrelated to the phenothiazines and to other 
antiemetics. 

Chemically, Emete-con (benzquinamide-hydro- 
chloride) is N, N-diethyl-1,3,4,6,7,11b-hexahydro- 
2-hydroxy-9, 10-dimethoxy-2H-benzo(a)quinoli- 
zine-3-carboxamide acetate hydrochloride. The 
empirical formula is Cz2H32N2Os. HCl and the 
molecular weight is 441. 

Emete-con for injection contains: Benzquina- 
mide HCl equivalent to benzquinamide 50 mg/ 
vial and citric acid 196. When reconstituted with 
2.2 ml of sterile water for injection, each vial 
yields 2 ml of a solution containing benzquina- 
mide, 25 mg/ml. When reconstituted, this prod- 
uct maintains its potency for 14 days at room 
temperature. DO NOT REFRIGERATE. 


Actions. Benzquinamide HCl exhibited anti- 
emetic, antihistaminic, mild anticholinergic and 
sedative action in animals. Studies conducted in 
dogs and human volunteers have demonstrated 
suppression of apomorphine-induced vomiting; 
however, relevance to clinical efficacy has not 
been established. The mechanism of action in 
humans is unknown. The onset of antiemetic ac- 
tivity in humans usually occurs within 15 minutes. 

Benzquinamide metabolism has been studied 
in animals and in man. In both species, 5-1096 
of an administered dose is excreted unchanged 
in the urine. The remaining drug undergoes 
metabolic transformation in the liver by at least 
three pathways to a spectrum of metabolites 
which are excreted in the urine and in the bile, 
from which the more polar metabolites are not 
reabsorbed but are excreted in the feces. The 
half-life in plasma of Emete-con is about 40 min- 
utes. More than 9596 of an administered dose 
was excreted within 72 hours in animal studies 
using C14-labeled benzquinamide. In blood, 
benzquinamide is about 58% bound to plasma 
protein. 


Indications. Emete-con is indicated for the pre- 
vention and treatment of nausea and vomiting 
associated with anesthesia and surgery. 

Since the incidence of postoperative and post- 
anesthetic vomiting has decreased with the 
adoption of modern techniques and agents, the 
prophylactic use of Emete-con should be re- 
stricted to those patients in whom emesis would 
endanger the results of surgery or result in 
harm to the patient. 

Contraindications. Emete-con is contraindicated 
in individuals who have demonstrated hyper- 
sensitivity to the drug. 


Warnings. Use in Pregnancy: No teratogenic ef- 
fects of benzquinamide were demonstrated in 
reproduction studies in chick embryos, mice, 
rats and rabbits. The relevance of these data to 
the human is not known. However, safe use of 
this drug in pregnancy has not been established 
and its use in pregnancy is not recommended. 


Use in Children: As the data available at pres- 
ent are insufficient to establish proper dosage 
in children, the use of Emete-con in children is 
not recommended. 

Intravenous use: Sudden increase in blood 
pressure and transient arrhythmias (premature 
ventricular and auricular contractions) have 
been reported following intravenous administra- 
tion of benzquinamide. Until a more predictable 
pattern of the effect of intravenous benzquina- 
mide has been established, the intramuscular 
route of administration is considered preferable. 
The intravenous route of administration should 
be restricted to patients without cardiovascular 
disease and receiving no pre-anesthetic and/or 
concomitant cardiovascular drugs. 


Precautions. Benzquinamide, like other anti- 
emetics, may mask signs of overdosage of toxic 
drugs or may obscure diagnosis of such condi- 
tions as intestinal obstruction and brain tumor. 


Adverse Reactions. The following adverse reac- 
tions have been reported in subjects who have 
received benzquinamide. Because of the multi- 
plicity of medications commonly used in the 
practice of anesthesia, unequivocal relationship 
to a specific drug administered usually cannot 
be established. However, drowsiness appears to 
be the most common reaction. One case of pro- 
nounced allergic reaction has been encountered, 
characterized by pyrexia and urticaria. 


System Affected—Autonomic Nervous System: 
Dry mouth, shivering, sweating, hiccoughs, 
flushing, salivation, blurred vision. 

Cardiovascular System: Hypertension, hypo- 
tension, dizziness, atrial fibrillation, premature 
auricular and ventricular contractions. 

Central Nervous System: Drowsiness, insom- 
nia, restlessness, headache, excitement, nervous- 
ness. 

Gastrointestinal System: Anorexia, nausea. 

Musculoskeletal System: Twitching, shaking/ 
tremors, weakness. 

Skin: Hives/rash. 

Other Systems: Fatigue, chills, increased tem- 
perature. 


Dosage and Administration. Intramuscular: 50 
mg (0.5 mg/kg—1.0 mg/kg) 

First dose may be repeated in one hour with 
subsequent doses every 3-4 hours, as necessary. 
The precautions applicable to all intramuscular 
injections should be observed. Emete-con should 
be injected well within the mass of a larger 
muscle. The deltoid area should be used only if 
well developed. Injections should not be made 
into the lower and mid-thirds of the upper arm. 
Aspiration of the syringe should be carried out 
to avoid inadvertent intravascular injection. 

Therapeutic blood levels and demonstrable 
antiemetic activity appear within fifteen min- 
utes of intramuscular administration. When the 
objective of therapy is the prevention of nausea 
and vomiting, intramuscular administration is 


recommended at least fifteen minutes prior to 
emergence from anesthesia. 

Intravenous: 25 mg (0.2 mg/kg—0.4 mg/kg as 
a single dose) administered slowly (1 ml per 
0.5 to 1 minute). Subsequent doses should be 
given intramuscularly. 

The intravenous route of administration 
should be restricted to patients without car- 
diovascular disease (See WARNINGS). If it is 
necessary to use Emete-con intravenously in 
elderly or debilitated patients, benzquinamide 
should be administered cautiously and the lower 
dose range is recommended. 

This preparation must be initially reconsti- 
tuted with 2.2 ml of sterile water. This procedure 
yields 2 ml of a solution equivalent to 25 mg 
benzquinamide/ml, which maintains its potency 
for 14 days at room temperature. 

DO NOT REFRIGERATE. 


Overdosage. Manifestations: On the basis of 
acute animal toxicology studies, gross Emete- 
con overdosage in humans might be expected 
to manifest itself as a combination of Central 
Nervous System stimulant and depressant 
effects. This speculation is derived from experi- 
mental studies in which intravenous doses of 
benzquinamide, at least 150 times the human 
therapeutic dose, were administered to dogs. 
Treatment: There is no specific antidote for 
Emete-con overdosage. General supportive mea- 
sures should be instituted, as indicated. Atro- 
pine may be helpful. Although there has been 
no direct experience with dialysis, it is not 
likely to be of value, since benzquinamide is 
extensively bound to plasma protein. 


How Supplied. Emete-con for IM/IV use is 
available in a vial containing benzquinamide 
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T IS WITH DEEPEST APPRECIATION that I thank the As- 
I sociation again for making me its President last De- 
cember. My surprise was complete and my acceptance 
remarks must have showed it. I felt enormous pride at 
joining the long line of distinguished presidents who 
have served this venerable society. Following the bril- 
liant noon reception given by Cleo and Valter Brindlev, 
I drove rapidly as a lone passenger to the West Palm 
Beach airport. Suffused with pleasure, I lowered the 
limousine window, felt the fresh breeze, and looked out 
upon the clouds, birds, flowers, water, distance and sun- 
shine. I could almost hear the lonely call of a crow 
across still pine woods in winter. 

And as the plane flew northward over Cape Kennedy, 
where an Apollo flight was in the final stages of count- 
down, I thought of all the great things that had happened 
in the South of the past twenty vears, the social revolu- 
tion and the economic revolution. 

But as we neared Atlanta, my elation gradually leveled 
off and I began to float gently back toward earth. 
Euphoria was replaced by introspection, and I found 
myself asking, What is the Southern Surgical Association? 
What does it stand for? What image does it project? 
What has it done in the past? What will it do in the fu- 
ture? What is its leader ship role in Southern surgery? In 
American surgery at large? What is the status of Southern 
surgery itself? Who speaks for surgery in the South? 

To answer such questions, points of reference were 
needed. I reflected on the fact that each of us owes al- 
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legience to some medical school and teaching hospital, 
card thus academic yardsticks came naturally to mind. I 
thought back to the advice which young Oliver Wendell 
Holmes had received in 1839, when offered a full pro- 
fessorship in surgery at the deep south University of 
Maryland. Professor Dixi Cr osby of Hanover, New 
Hampshire, wrote to Holmes at that time as follows: 
“New England is the place for you to acquire a reputa- 
tion . .. New England candour is worth a fortune to a 
young man .. A small affair that would ruin a man at 
the scd and west would not ruin the same man here 

. Medical institutions in the south and west are in 
agitation, organized today and reorganized tomorrow."* 

"Certainly, one might sav, this state of affairs which 
may have existed in 1839 does not exist today. The South 
has surely come a long way since then. Regrettably, 
even within the last dec ade one of our eminent national 
surgical educators explained to visitors from abroad that, 
in the United States, it is common for chairs of sur gery 
in the South to be filled by men trained in the North, 
but that the reverse rarely occurs. 

Can this be so? Unfortunately, it is. Of 36 fully estab- 
lished medical schools located in the southern and border 
states which supply 75% of the member ship of the 
Southern Surgical Association, the chairman of surgery 
received his medical school and residency training in one 
of our member schools in only eight instances. All except 
two of the eight were educated in border states. Three of 
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the eight were from Johns Hopkins. Clearly, the South 
still depends on universities elsewhere to fill many of its 
educational needs. 

Why is this so? The fact that our southern academic 
surgical positions are so often filled by men trained 
outside the South is not due to latent prejudice against 
the South, for the academic search committees are made 
up of many Southerners, even if repatriated Southerners. 
It is the lack of prestige of many Southern universities 
that is a major factor. It has been said of a recent presi- 
dent of the United States from the South that, “He did 
not suffer from a poor education: He suffered from the 
belief that he had had a poor education.” The point is, 
our universities can afford an excellent education. The 
principal reason why so many academic chairs in the 
South are filled by men who have been trained in the 
North is that the great universities of the North and the 
Midwest enjoy a highly respected tradition for educa- 
tional excellence. Search committees are apt to conclude 
that a candidate trained at one of these schools must 
have been an exceptional person to have gained admis- 
sion in the first place. It is anticipated that he will bring 
to his new post the tradition of accomplishment for which 
his parent institution is admired. Furthermore, he will 
usually have established a visible record of meritorious 
research himself. It is generally assumed that he can op- 
erate upon patients and teach medical students, though 
these two capacities are being examined more closely now 
than in the past. In contrast, candidates from Southern 
schools can be just as intelligent—for native intelligence 
is widely distributed—they may be outstanding clinical 
surgeons, and they may have done considerable meri- 
torious research; and yet they may not be selected be- 
cause their appointment would not bring to the new in- 
stitution the prestige to be realized in an appointment 
from a major Eastern school. 

The question has been asked, is prestige the substance 
or the shadow of power? For prestige brings very practi- 
cal rewards. It attracts staff, residents, students, patients, 
and research grants. Such considerations will not be ig- 
nored by the prudent academic search committee, or in- 
deed by any other group charged with maintaining the 
best possible competitive position of a medical school or 
of a private surgical clinic. Therefore, if we recognize and 
accept the realities of the manpower market place, as 
indeed we must, then we turn to the task of increasing 
the prestige of our own product. Why have not more 
Southern universities achieved national and international 
prestige in the 134 years since Holmes received his ad- 
vice from Professor Crosby? 

First and foremost, one would suggest that the uni- 
versities of a region will usually reflect the general socio- 
financial-educational climate of the region. It is difficult 
for a medical school to rise very far above the general 
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educational level of its environment. English and mathe- 
matics are basic tools, and the sciences of Einstein, 
Beethoven, Pasteur and Renoir must all converge some- 
where near infinity. The tradition for learning, of knowl- 
edge for its own sake, may develop in a family only over 
the generations. 

Why has general education in the South at times fallen 
short of excellence? Let it first be acknowledged that the 
Civil War left the South greatly impoverished, recovery 
was slow and difficult, and financial structures had to be 
largely rebuilt. What other factors have been operative? 
One factor has been that the black 30-40 per cent of the 
population had a very low income, a very low educational 
level and thus low aspirations in life. This large segment 
of the population could contribute little to the tax base 
and educational tradition. Fortunately, many of these in- 
equities have been or are being corrected. In the past 10 
years the South has passed through a profound social 
revolution with remarkable success. A black middle class 
has developed, and these people are seeking first-class 
education for their children. They well understand that 
education is the key to financial strength and overall 
progress. Thus, the South is in a state of dynamic change 
and growth. 

Who speaks for surgery in the South? It seems to me 
that to maintain the large leadership role which it should 
occupy, our Southern Surgical Association should con- 
sider certain changes. These changes need not impair 
our rich tradition for grace and civility. In fact, such 
changes could impart even larger dimensions to these 
qualities of grace and civilitv. But if our Association is 
to speak for surgery in the South with authority, one feels 
that modifications are needed. Some of the suggestions 
which I shall make could conceivably assault some mem- 
bers’ sense of tradition, which we all treasure so much. 
One certainy hopes not. And most assuredly the recom- 
mendations do not imply that the Southern Surgical As- 
sociation has not served our needs handsomely in the 
past. However, it is to the requirements of the future that 
my subsequent remarks will be directed. 

To lead Southern surgery with a clear trumpet, we 
must continue to mold our Association into a leadership 
instrument of the highest caliber. To forge this instru- 
ment the following suggestions are submitted with full 
appreciation for tradition, for the exquisite sensitivity of 
certain issues involved, and with deep humility. It is 
earnestly hoped that the Council and ultimately the 
membership, will accord these suggestions the most care- 
ful consideration. 


The Composition of the Membership 


The membership is the essence of any surgical society. 
The Council has recommended that the membership limit 
be increased to 300. As the members consider this recom- 
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mendation they will seek to continue to extend considera- 


." tion to all groups in the population. Particular attention 


| 
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should be directed to identifying and electing exceptional 
and otherwise qualified young men and women at the 
earliest age feasible. In this way, they will have the maxi- 
mum number of years to benefit from, and to contribute 
to, the Association. 


. The Annual Meeting 


The annual meeting constitutes the principal focus of 
the Southern Surgical Association. This has always been 
a most attractive and enjoyable occasion. Yet, there is 
one basic change in philosophy and procedure which one 
feels is needed in connection with the program. Reference 
is made to the tradition that all papers must be presented 


* byamember of the Association. This unwritten but none- 
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theless inviolate rule has several unfortunate effects, it 
seems to me. First, it ensures that most of the papers will 
be largely clinical in nature. We all thoroughly enjoy a 
clinical program, but one would feel that our annual 
program should include the total best work that the 
South can provide. Secondly, the rule effectively ex- 
cludes many scientific papers by young surgical investi- 
gators, since bench laboratory work is often carried out 
by young men who have-not yet achieved membership. 
The member has not performed the research and is un- 
willing to present someone else’s data even if he would 
feel comfortable in doing so. Thirdly, our own young 
surgical academicians are thus denied access to the very 
forum at which they might most appropriately be heard 
and thus be known. The program committee could en- 
sure that the number of papers presented by non-mem- 


w bers would not be excessive. If papers given by young 


K 


3 


surgical scientists must be excluded from the general pro- 
gram, then perhaps a short session of possibly three or 
four such papers could be offered experimentally as a 
sort of surgical forum. In any case, the presentation of 
some papers by young non-members from the South 
could well change the contour of our program and widen 
our horizons. A member would need to be a co-author 
or to sponsor each paper, as in many other societies. 

Other program considerations such as full panels, mini- 
panels, and short state-of-the-art invited lectures are in- 
significant in comparison with the importance of easing 
"the member-must-present-the-paper" policy. 


Opportunities for Further Leadership 


Acting within the framework of established American 
surgical societies, the Southern Surgical Association has 


large additional opportunities for both corporate and 


individual leadership by the vast pool of talent which our 
members represent. Numerous members have indicated 
to me a desire to serve more broadly in the affairs of our 


Association. They welcome purpose, commitment, dedi- 
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cation. The opportunities for service include the follow- 
ing spheres of constructive activity: 


1. Planning and coordinating 


2. Education and research (a) General support of 
education at all levels. (b) Surgery in the medical school 
curriculum. (c) Surgical residency “enlargement.” (d) 
Postgraduate surgical education. (e) Medical education 
of the general public. (£) Research. 


3. The quality of surgery in the South 
4. Practice patterns, manpower and costs 
5. Problems and goals 


These areas of interest vary markedly in character, not 
to mention still other directions in which the Association 
may choose to invest its attention. Admittedly, there has 
to be a selection of goals, dependent partly on the in- 
trinsic importance of the goal if attained, and partly on 
the feasibility of its attainment. In any case, the times 
we face are too importnat to be left to surgical science 
alone. Even if selected goals should not be achieved in 
their entirety, as surely they will not be, great motivative 
force can be released among our members if they are 
but kept informed by discussion of major problems, de- 
velopments and opportunities. I£ pursuit of a given goal 
should not prove valid and useful, this fact will be 
quickly apparent and the effort can be discontinued. 


Planning and. Coordinating 


The planning and coordinating functions must remain 
the province of the Council. However, there need be no 
reason why special ad hoc committees or task forces, 
recommended by the President and appointed by the 
Council, could not develop plans to meet special prob- 
lems from time to time. Thomas Carlyle wrote that the 
problem is not to see what lies dimly in the distance, 
but to do what lies clearly at hand. However, a balance 
between the two is required, it seems to me, and it is our 
responsibility to achieve this balance between perceiving 


and doing. 


Education and Research 


General education. It is unnecessary to stress to this 
Association the need for and the importance of general 
education. Nevertheless, it is never superfluous to re- 
dedicate ourselves individually to the support of pri- 
mary and secondary schools, libraries and museums. One 
is especially impressed by the large numbers of libraries 
and bookstores in Europe where book reading often ap- 
pears to be a national addiction. If adults consider books 
important, children are apt to consider books important. 
One gains a distinct impression of a city or community 
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from its libraries, bookstores, and museums. An Australian 
surgeon once remarked to me in Perth that he formed an 
opinion of cities around the world by glancing over the 
books offered for sale at the local airport. 

Surgery in the Medical School Curriculum. Next, it is 
crucially important to this Association that surgery not 
disappear from the undergraduate medical school cur- 
riculum. There are many aspects of human illness that 
the surgeon is better qualified to teach than is the in- 
ternist. However, to maintain our position in the cur- 
riculum we surgeons must honor our responsibilities by 
effective teaching and exchange with the medical stu- 
dents in classes, conferences, rounds, and one-on-one 
personal contact. It must not be said that “nobody knows 
my name.” How many surgeons attend the clinico-patho- 
logical conference and similar interdisciplinary sessions? 

Surgical Residency Enlargement. The surgical resi- 
dencies in the South generally offer adequate clinical 
experience and effective teaching. However, if it could 
be worked out, increased visiting and exchange of resi- 
dents among our Southern institutions, which are so close 
together and have so much to offer each other, could only 
enlarge the total educational experience of the residents 
during their years of training. 

Postgraduate Surgical Education. Postgraduate surgical 
education has been especially fostered by the Southeast- 
em Surgical Congress. All of us are indebted to this im- 
portant surgical society for the splendid program it offers 
annually, which all physicians may attend. The regional 
postgraduate surgical education objectives of the South- 
ern Surgical Association might well be realized through 
collaboration with the Southeastern Surgical Congress, 
the State Chapters of the American College of Surgeons, 
and the university medical centers and associated teach- 
ing hospitals. With possible periodic recertification loom- 
ing on the horizon, systematic postgraduate education 
becomes increasingly vital. 

Medical Education of the General Public. Lastly, in the 
years ahead, it is going to be essential to maintain, 
through appropriate education of the general public, a 
national appreciation of what American medicine and 
surgery have achieved, can achieve, and the conditions 
most propitious for further achievement. It beehoves all 
of us to participate effectively in these efforts. 

Research. Research in depth is the hallmark of a uni- 
versity. It has been said that without research a uni- 
versity becomes merely a college. Let no one be deceived 
that a medical school can be great without great research. 
All of us in this Association must continue to support re- 
search to the extent that we can, for the benefit of our 
patients, our students and ourselves. The Southern Surgi- 
cal Association has long formally acknowledged the im- 
portance of research by offering the Shipley award an- 
nually. 
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The Quality of Surgery in the South 


Who is responsible for the quality of surgery in the 
South? Until recently, the American College of Surgeons 
was almost the only voice crving in the wilderness. A 
large amount of surgery is still performed by inade- 
quately trained operators. There was a time when many 
students in a class would say, when asked, that they 
planned to enter general practice and to specialize in 
surgery on the side. Fortunately, this student orientation 
has substantially disappeared, but many physicians still 
perform major surgery without formal residency training. 

The American Board of Surgery was founded in 1937 
and many practicing surgeons were certified initially 
under the granfather clause. Therefore, one would think 


that in the year 1972 most major surgery would have. 


been performed by Board certified surgeons. And yet, 
this was not the case. Of 577 cholecystectomies paid for 
by Blue-Cross Blue-Shield in Mississippi in 1972, a 
total of 251 (43.52) were performed by non-certified 
surgeons. To be sure, some of these operations were 
undoubtedly performed by men with extensive operative 
experience, and some may even have been members of 
the American College of Surgeons. Nevertheless, we 
know all too well that many patients still do not receive 
optimal modern surgery, even when circumstances are 
considered adequate. And in some small rural hospitals, 
with limited anesthesia and limited surgical skill, there 
is often much room for improvement. 

Recently, the Joint Commission on Accreditation of 
Hospitals has turned toward developing a record of the 
clinical results of each physician in every approved hos- 
pital, with regard to both complications and mortality 


rates. The Commission is moving toward peer review by ` 


hospital staff of each surgeon's qualifications. There are 
inherent professional risks in this direction, but it may 
be hoped that ultimately the hospitals will be not only 
clean but also safe for the patient. 


Practice Patterns, Manpower and Costs 


It is inevitable that recent and forthcoming changes 
in health care financing will profoundly affect practice 
patterns, manpower resources and costs. Prominent 
among these considerations are the practical aspects of 
surgical fees. All teaching hospitals have just absorbed 
the first shock of Public Law 92-603, the Social Security 
Ammendment of 1972. In due course these regulations 
will surely be extended to private and other community 
hospitals. At this point, no one would presume to assert 
that patterns of financing are not of basic importance. 
For one thing, it would now be impossible to attract and 
hold a talented clinical faculty in many medical schools 
if there were not some way in which to generate funds 
from the care of private patients. In another context, 
there are marked disparities between what is paid by 
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Medicare for a particular operation in different sections 
of the United States and, indeed, even to different sur- 
geons in the same city. Still further, the payment for an 
operation performed by a physician with no residency 
training in surgery is commonly the same as that paid a 
Board certified surgeon of vast clinical experience. The 
operations we do and the payments we accept are being 
computerized by the authorities and filed for future 
reference. It is vital that we respond and react appropri- 
ately as developments continue to unfold. 

Lest the preceding remarks suggest a purely self serv- 
in approach, an additional but related problem should be 
accorded equal emphasis. Attention is directed to the 
lower salaries often paid secretaries and technicians on 
federal grants in the South as compared with those in 
certain other sections of the United States. The same is 
true of salaries paid to surgical residents rotating through 
Veterans Administration Hospitals in the South, as com- 
pared with those in certain other sections of the country. 
Essentially the same basic salary should be paid for the 
same work, regardless of the geographical locations of 
the employee, it seems to us. Otherwise, the economic 
status of already depressed areas will tend to remain de- 
pressed. Admittedly, some regional differences will be 
necessary for a long time to come. 

Surgical manpower needs have been under close scru- 
tiny by a wide variety of interested parties. The SOSSUS 
Committee of the American College of Surgeons and the 
American Surgical Associations has done an outstanding 
job in developing methods and achieving reliable data 
on surgical manpower needs in the United States. The 
Southern Surgical Association will certainly continue to 


pe cooperate with such national efforts in facilitating the 


te 


education and placement of appropriate numbers of well 
trained surgeons in our region. Hardly a week goes by 
that we do not receive calls or letters from surgical groups 
desiring to add an associate. The surgical manpower 
needs in the South are still very real. 


Implementation of Recommendations 


It can be futile to make recommendations unless they 
are accompanied by specific suggestions for implementa- 
tion and follow-through. First, let it be stressed that it 
would be unfortunate if our magnificent annual affair 
were to be turned into a hard work session. What is 
especially useful is group discussion with at least some 
pre-planning by a chairman, for guidance at the meeting 
and to permit summation after the meeting. All surgeons 
are early risers, and a single breakfast session of each 
committee could achieve valuable exchange. The Edu- 
cation and Research Committee could consist of chair- 
men of medical school departments of surgery and other 
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educators, plus the executive secretary of the Southeast- 
ern Surgical Congress. The Committee on the Quality of 
Surgery in the South could consist of representatives of 
state chapters of the American College of Surgeons, 
where such men were also members of the Southern 
Surgical Association. The state chapter members know 
intimately the status of surgical practice at the grass 
roots level. The Committee on Practice Patterns, Man- 
power and Costs should include representatives of our 
urban surgical societies. The Committee on Problems and 
Goals would be appointed from the membership at large. 
After the initial appointments by the Council, each com- 
mittee would serve for a two-year term. The feasibility 
of continuing the committees could be re-evaluated by 
the Council at the 1976 meeting, and further extensions 
could be considered at that time. Each committee chair- 
man could report for not more than three minutes at the 
annual business meeting, if he so desired, plus the filing 
of a brief written summary of the conclusions offered by 
his committee at the end of the two years. The major 
ideas generated and formulated by the committee dis- 
cussions would surely lead to appropriate action in due 
course. 


The South Today and Tomorrow 


Much has been said about what needs to be done and 
what can be done. I would now like to close with a few 
words about the huge amount that has been done. First, 
the 1970 census showed that in the past decade the 
South had made prodigious strides in new plants and 
per. capita income, possibly the highest percentage in- 
crease in the entire United States. Secondly, the quality 
of life in the Southern states is clearly superior. Educa- 
tion, health care and recreational facilities have all 
bourgeoned in the last twenty years. Thirdly, what else 
need be said about a section which has come from 
rural electrification in 1925, to Oak Ridge in 1945, to Cape 
Kennedy in 1965? There is evidence on all sides that the 
South stands on the threshold of her greatest era. This 
very decade may well be looked back upon as the one 
in which the South moved decisively to fulfil her destiny. 
We, the members of the Southern Surgical Association, 
can have the immense privilege of sharing in this great 
forward movement. We must not, and we will not, fail 
to seize this opportunity at the floodtide. 

When I was a young boy, my grandmother used to 
tell us about how the federal troops had burned every- 
thing when they came through. And men would often 
say, "Hold on to your Confederate money, boys, the 
South will rise again." 

Gentlemen, She is risen. 


Retained Calculi within the Biliary Ductal System 


A review of 16,700 patients with biliary tract disease from 
five centers showed that in 24% common duct exploration 
was performed. In 46% of the ducts explored, calculi were 
removed. The incidence of residual calculi was estimated 
to average 1.1% of patients operated upon for calculous 
biliary tract disease and 4.3% for those following common 
duct exploration. The incidence of residual calculi in the 
biliary ductal system may be reduced by two approaches. 
The first is to treat cholelithiasis by undelayed cholecystec- 
tomy once the diagnosis is established and/or choledocho- 
lithiasis has developed. The second is the efficient and me- 
ticulous utilization of currently available roentgenological 
facilities for preoperative intravenous cholangiography and 
intraoperative cholangiography, both pre- and postcholedo- 
chotomy. Demonstrable residual calculi that occlude the com- 
mon duct and prevent the flow bile into the duodenum must 
be removed. It is desirable and recommended that calculi 
that appear free within the ductal system be removed. How- 
ever, in the latter situation removal is not mandatory because 
the degree and extent of future obstruction they may cause is 
unpredictable. 


ETAINED CALCULI in the common duct following chole- 
R cystectomy and/or common duct exploration, with 
or without demonstrating choledocholithiasis, is one of 
the problems that haunts the surgeon. It is estimated that 
15-20% of the adult population of the United States 
has cholelithiasis. In recent years operations upon 
the biliary tract have become the most frequently per- 
formed operation within the abdomen. Approximately 
500,000 operations on the biliary tract are done annually 
in the United States. The common duct is explored in 15- 
50% of those at the time cholecystectomy is done. Just 
as there is considerable variation in the reported fre- 
quency of common duct exploration so there is con- 
siderable difference in the reported incidence of choledo- 
cholithiasis (Table 1). 

The majority of patients who have had an explora- 
tion of the common duct have a catheter or T tube 
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drain inserted for decompression. Before it is removed 
7-10 days later cholangiogram is done. This reveals the 
presence or absence of residual calculi. The incidence of 
retained or overlooked calculi in the common duct is 
estimated to range from 1.6 to 7% of patients sub- 
jected to common duct exploration. Among patients in 
whom cholecystectomy without common duct explora- 
tion is done, residual choledocholithiasis may remain un- 
detected until they cause symptoms or an intravenous 
cholangiogram is done. Residual calculi, regardless of 
the reasons for their presence, constitute an added in- 
crement in the surgical treatment of calculous biliary 
tract disease. They merit critical consideration in an 
effort to reduce their incidence and stimulate and en- ` 
courage innovations in their man agement. 

There follows a discussion of the diagnosis of retained 
calculi and the clinical problems they give rise to. The 
approaches commonly employed to remove them are 
briefly described and evaluated. The many advancements 
of surgery of the biliary tract are providing a favorable 
trend toward a reduced incidence of residual calculi 
within the biliary ductal system. 


Incidence 


A review of statistical data in the vast number of clin- 
ical reports of biliary tract disease emphasizes a lack of 
uniformity of terms. This is particularly true concerning 
“residual calculi.” Calculi that are demonstrated within 
the ductal system following primary operation of chole- 
cystectomy, with or without exploration of the common ., 
duct, and after secondary choledochotomy are residual 
calculi. 

Five clinics believed fairly representative of centers 
that have kept careful account of their operations upon 
the biliary tract, both in this country and abroad, gre 


528 


^ 


Vol 179 * No. 5 


TABLE 1. Estimated Incidence of Calculous Biliary Tract Disease 
and Number of Cholecystectomies Performed in 1973 in U.S.A. 
le a a ee E e(l 


A. Estimated total population 210,157,000 
B. Estimated adult population 130,297,340 
C. Estimated incidence of cholelithiasis (15% of B) 19,544,601 
D. Estimated cholecystectomies 500,000 


the source of the material that is presented in Table 2. 
The total patients in this group number 16,700. Four 
thousand-and-eighty-seven patients (24%) underwent 
common duct exploration and in 1,884 (46%) of those 
explored, calculi were removed. From this review the 
incidence of residual calculi is estimated to average 1.1% 
of the 16,700 patients operated upon for calculous biliary 
tract disease and 4.3% for those following common duct 
exploration. Calculated upon the statistics above it is 
estimated that 5,500 patients will have been burdened by 
residual calculi in the biliary ductal system in 1973. 

These figures indicate a considerable disparity in the 
wide range of proportion of common ducts explored by 
the individual centers. The higher the frequency of 
common duct explorations, the lower is the incidence of 
calculi removed from the common duct. Thus it is rea- 
sonable to suggest that routine operative cholangiography 
as soon as the abdomen is opened would both reduce 
the number of the common duct explorations that were 
negative for calculi and also reveal the unsuspected cal- 
culus in the ductal system. 


Manifestations 


During the immediate postoperative course, the pa- 
tient with a T tube in place ordinarily drains varying 
amounts of bile depending upon a number of factors in- 
cluding occlusion of the choledochoduodenal junction 
due to spasm or stone, the state of hydration and indeed 
the stature of the patient. If the passage is free there will 
usually be about 300-500 cc of bile drained during the 
first 24 hours. Thereafter it diminishes to 200 cc or less 
within 3-4 days. If the amount of bile drainage increases 
and it becomes suggestive that the entire bile output is 
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draining through the T tube, then one must consider that 
there is occlusion proximal to or at the choledochoduo- 
denal junction. 

If 50% or more of the bile is diverted from reaching the 
duodenum there is usually a failure for the appetite to 
be re-established in the immediate postoperative period. 
This is accompanied by a lack of sense of well-being. 
Prolonged diversion of the bile results in hypochloridemia 
unless replacement therapy is employed, a state that is 
readily recognized. 

There are a number of conditions that may cause par- 
tial or complete occlusion of the distal common duct. 
One is pancreatitis sometimes associated with biliary tract 
disease and following in the wake of an operation upon 
the biliary tract. In instances where there is a history of 
jaundice prior to operation, and particularly if it has 
been associated with an elevation of temperature sug- 
gesting cholangitis, the possibility of intrahepatic lesions 
must be borne in mind. Subhepatic accumulation from 
leakage about the T tube in the common duct may 
result in increased spasm of the sphincter of Oddi and 
produce an obstruction, | 

'The determination of the cause of these manifestations 
is readily accomplished by cholangiography after attach- 
ing the T tube to a burette and noting the elevation of 
the fluid level. If the obstruction is complete the level 
rises to 30 cm or more and is associated with R.U.Q. dis- 
comfort and pain. 


Avoidance and Detection of Retained Calculi 


The vast literature upon calculous biliary tract dis- 
ease enables us to anticipate with some degree of accu- 
racy those patients in whom calculi in the common duct 
are most likely to be found. In this mass of material 
there are several factors that are readily identified as 
being related to the incidence of choledocholithiasis. 
First of all there are those patients in the older aged 
category. The older the patient, the greater is the likeli- 
hood of choledocholithiasis in the presence of chole- 
lithiasis. The duration of the disease parallels this as 


Residual Calcula Reported from Five Representative Clinics Among 16,700 Patients 





Total Operations 
Colcock & Perry*5 1954-1958 1754 
Bartlett! 1943-1963 4763 
Dunphy” 1960-1969 952 
Moller & Santavirta!’ 1937 
Univ. Hosp. Helsinki 1960-1969 M 
NYH-CMC 1932-1967 6795 
19721 499 
Total 16,700 


Stones in Ductal System 


C. D. Expl. C. D. Stones Following C. D. Expl. 
503 (28%) 139 (28%) 8 (1.695 
2066 (43%) 744 (36%) 86 (4.2%) 
200 (21%) 137 (68%) 14 (7.0%) 
289 (1595) 250 (86%) 20 (6.9%) 
946 (14%) 567 (60%) 47 (5.0%) 
83 (1795) 47 (56%) 3 (3.6%) 
4087 (24%) 1884 (46%) 178 (4.3%) 





* 9 residual stones amongst a total of 1754 operations (0.592) 


f 4 residual stones amongst a total of 499 operations (0.8%) 
"e 
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TABLE 3. Indications Emphasized for Common Duct Exploration 





1. History suggestive of obstruction 
2. Age: 60+ 
3. IVC, direct and indirect evidence of calculi 





well. The clinical manifestations of choledocholithiasis 
may be brought to light by meticulous history taking. 
Thus three facts, the age of the patient, the duration 
of calculous biliary tract disease, and the signs and 
symptoms compatible with common duct obstruction 
are a basis for anticipating choledocholithiasis (Table 3). 

These patients prior to operation may be subjected to 
specific evaluation in an effort to determine direct and 
indirect evidence, for or against the presence of calculi 
in the ductal system. Intravenous cholangiography as is 
well known and documented is a very valuable procedure 
in the visualization of choledocholithiasis. Its value was 
emphasized by Glenn, Evans, Hill and McClenahan? in 
1954 and further confirmed in 1957 by Glenn and John- 
son.? Before operation is embarked upon, the surgeon 
should have rather clearly in mind the evidence to sup- 
port his conclusions for the presence or absence of 
choledocholithiasis. 

Today operative cholangiography is more readily avail- 
able than previously. Patients suspected of choledocho- 
lithiasis may have the entire biliary tree visualized with 
opaque material in various ways. The introduction of 
opaque material and the taking of a single film has been 
employed with increasing frequency over the past 2-3 
decades. Such equipment is available in most hospitals 
throughout the United States. Within the past decade 
there has been developed operative cholangiography 
using an image intensifier to enable the surgeon to ob- 
serve the flow of opaque material throughout the ductal 
system. 

The introduction of opaque material into the gall- 
bladder visualizing, thereby the cystic and the entire 
ductal system, both extra- and intrahepatic, before mo- 
lesting the other abdominal viscera, at present seems to 
be the most efficient method. If, however, the cystic duct 
is blocked and the gallbladder entirely filled with cal- 
careous material then the opaque substance may be 
introduced directly into the cystic duct or the common 
duct. When this is done prior to embarking upon the 
operative procedure, one gains an overall and actual 
concept of the status of the biliary tract. While calculi 
are by far the most common findings in the ductal system, 
congenital anomalies and other disease processes involv- 
ing the duct wall of both a benign and malignant nature 
may be readily identified. 

When a choledochotomy is done and the common 
duct explored with or without the removal of calculi, 
it should again be visualized before terminating the 
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operation. The films should be compared with those 
taken prior to the operation. Thus a precholedochotomy 
visualization and a postcholedochotomy roentgenological 
record provides our most efficient means of avoiding 
overlooking calculi. It should be self-evident that careful 
scrutiny of films by both surgeon and radiologist are 
required to completely evaluate roentgenological records 
be they on film or viewed on the image intensifier. Mullen, 
Rosato and Sullivan’? reported that of 121 patients who 
following common duct exploration had a cholangiogr am 
repeated, abnormalities not previously noted in the pre- 
choledochotomy cholangiogram were observed in 32. Ten 
of these were due to common duct calculi. 
Postoperative cholangiography introducing opaque ma- 
terial through the indwelling T tube 7-10 days after 
operation provides additional evidence of the status of 
the ductal system. Over the past decade there have been 
increasing reports of closing the choledochotomy wound 
without drainage of the ductal system with no complica- 
tion. The accumulation of more data from this practice 
is needed before the author would recommend it. Post- 
operative T tube cholangiography is our most useful 
but not infallible method of determining the presence 
or absence of retained calculi. Displacement of opaque 
material is usually by a calculus. However, blood clot, 
mucus and serum agglutination as well as air bubbles 
may displace the opaque material. These may be very 
difficult to distinguish from calculi. Therefore without 
exception the cholangiogram revealing displacement of 
the opaque material should be repeated after ductal irri- 
gations of saline or water. Air bubbles are most readily 
overcome by this method. Clot and/or serum agglu- 
tination may sometimes be irrigated through into the 
duodenum. They are also subject to decrease in size and 
change in shape with the lapse of time and repeated 
irrigations. Calculi almost invariably maintain the initial 
pattern outline in spite of irrigations with water or saline. 
Calculi may be obscured by the use of highly con- 
centrated opaque material. Fifty percent solutions of 
hypaque, or their equivalent, are adequate to outline 
the ductal system and permit visualization of relatively 
small calculi. The performance of postoperative T tube 
cholangiography should be done with fluoroscopy. Oc- 
cluding substances are more specifically located and 
evaluated as the dye flows through the entire ductal 
system. The external ductal system filled with concen- 


trated opaque material and being somewhat larger in - 


diameter may easily obscure calculi. Visualization of the 
choledochoduodenal junction and specifically the am- 


TABLE 4, Added Criteria jor Intraoperative Cholangtography 


1. Concentration of dye, 50% 
2. Visualization of the intrahepatic radicles 
3. Visualization of choledochoduodenal junction 


£ 
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TABLE 5. Solvents Jor Residual Calcult 
Za a N rm eae FU Ta 
Ether 
Chloroform 
Heparin 
Bile acids 
Total of 113 substances studied by Best et al.* 


* Best et al.: Ann. Surg., 138:570, 1953 





pula of Vater is sometimes difficult and unsatisfactory 
( Table 4). 

Upon demonstrating what is believed to be a calculus 
in the ductal system, the examination should be extended 
so that films may be taken with the patient in various 
positions in an effort to demonstrate the displaceability 
of the calculus. A calculus that is fixed in the ductal 


^ system presents a greater surgical problem than the one 


that is floating free in bile. 

A recent advancement and one that offers an oppor- 
tunity for preoperative evaluation is endoscopic chol- 
angiography, i.e. catheterization of the ampulla of Vater 
and the injection of opaque material under fluoroscopic 
examination. Over 2,000 have been attempted with about 
90% success since its introduction by Ogoshi and his 
associates.? This means of evaluating the entire ductal 
system may be employed to determine the presence or 
absence of choledocholithiasis prior to any operation. It 
should be particularly helpful to demonstrate the nature 
and location of residual calculi following cholecys- 
tectomy or common duct exploration. It may also afford 
an opportunity to attempt dissolving and/or fragmenting 
residual calculi in those patients who have had only a 
cholecystectomy performed and those in whom the T 
tube has been removed. pd 


Use of Solvents for Retained Calculi 


With the utilization of postoperative cholangiography 
and the ready demonstration of retained calculi, at- 
tempts to remove or dissolve these calculi by means of 
irrigation through the T tube has been revived over 
the past decade. There was encouragement from those 
patients in whom an air bubble had been considered a 
calculus. The continuous flow of water or saline, even 
for a short time, through the indwelling tube in the 
common duct removed these almost immediately. The 
defects that were actual stones have been occasionally 
reported to be reduced in size. Calculi of small size, 
granular and amorphous calcareous material are some- 
times flushed through the choledochoduodenal junction 
facilitated by relaxants of the sphincter of Oddi. A 
combination, therefore, of erroneous diagnosis and the 
occasional removal of very small stones and calcareous 
material by the use of simple irrigation with innocuous 
solutions and relaxants has encouraged surgeons to pur- 
sue their search for a. substance that either dissolves or 
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renders the stone to be more readily passed through the 
choledochoduodenal junction into the duodenum. 

Durante,!! in 1782, discovered that gallstones were 
soluble in turpentine. Thereafter biliary calculi were 
subjected to all manner of solutions in an attempt to 
dissolve them. Solutions that were considered to be 
tolerated by body tissues, and particularly the common 
duct, were selected for clinical use. Two substances 
at the turn of the century were considered as having 
great promise for this purpose, chloroform and ether. 
Both substances are indeed volatile and when introduced 
into the ductal system at a normal room temperature 
the higher body temperature resulted in distension of 
the ductal system. For the most part this method was 
discarded because of the untoward reactions which were 
often immediate, severe, and sometimes rather long-last- 
ing. These consisted of pain in the RUQ followed by 
vomiting, chills and fever, and jaundice sometimes gradu- 
ally subsiding over several days. 

The unsatisfactory results by the use of solvents popu- 
larized by Pribram?? led Best and his associates? in 
Omaha to evaluate a long list of substances in the early 
1950s. A total of 113 agents were studied to determine 
their value in dissolving or decreasing in size calcareous 
accumulations. They, too, concluded that chloroform and 
ether were by far the most effective. Bergman and his 
associates,* however, were concerned with the deleterious 
effects that had been reported in the literature by the 
use of these substances when introduced into the ductal 
system as well as their own experience. They proposed 
a number of innovations that had as their objective the 
removal of the hazard of the distension of the ductal 
system. This they reasoned would be best accomplished | 
by using small amounts of these agents and either com- 
bining it or shortly thereafter following it with flushes 
of such liquids as saline solution and/or water combined 
with oily preparations that would act as lubricants. They 
reported considerable success. They also pointed out 
that there were a fair proportion of patients in whom 
these substances did not satisfactorily reduce either the 
size of the calculi or remove them from the ductal sys- 
tem. For these therefore they recommended a direct 
surgical approach (Table 5). 

The non-surgical approach to removal of retained 
common duct stones was well reviewed by Leon Sasson?! 


TABLE 6. Calculous Disease of the Bihary Tract and Residual 
Calcult Following Operation 


(The New York Hospital-Cornell Medical Center, 1972) 


Cholecystectomy + Choledochotomy 83 
Residual calculi H3.6%) 
Other operations 416 
Residual calculi 1(0.2%) 
Total operations 

Residual calculi 4(0.8%) 
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TABLE 7. Four Examples of Residual Common Duct Calculi 
(The New York Hospital- Cornell Medical Center, 1972) 
————— M À— — Au a———— u——— ——S 





Operative Cholangiogram 
Sex Age Taken Read Error Stone Revealed By Outcome 2nd Operation 
F 81 + Neg. + T tube chol. Calculi Removed 
M 79 0 — + IVC Calculi Removed 
M 69 a. Neg.* + T tube chol. Calculi Removed 
M 38 4 Neg. + T tube chol. Calculi Removed 





* Re-evaluation of cholangiogram taken at operation was considered suggestive of a calculus in the common duct. 


in 1969. He selected 35 papers published between 1935 
and 1964. From these he brought together reports of 
207 patients treated by a number of clinical surgeons 
using a variety of dissolution and flushing techniques. He 
concluded these were successful in 149 (72%) and un- 
satisfactory in 58 (28%). 

The use of heparin has been rather carefully investi- 
gated by Bernard Gardner. Using a continuous infusion 
of heparinized saline through a T tube, he has observed 
fragmentation of calculi within the common duct and 
their eradication by this method. In several cases he has 
had no untoward reaction from the use of heparin in 
saline and concludes that it is a useful adjunct in the 
removal of calculi and precipitated sediment in the com- 
mon duct. He recognized that small stones with a calci- 
fied surface within the common duct probably are not 
as effectively fragmented or dissolved as those of nearly 
pure cholesterol. The additional use of a solid tip catheter 
to further the fragmentation and possibly encourage their 





being carried into the duodenum through the choledo- 
choduodenal junction is advocated by him. 

Over the past two years there has been discussed at 
medical and surgical meetings the role of cholates and 
their conjugates of taurine and glycine as solvents for 
dissolving gallstones. Bile acids, chenodeoxycholic and 
deoxycholic, have been used in animals and man to in- 
crease and maintain cholesterol solubilizing in bile.? With 
the aid of fluoroscopy and the image intensifier irrigation 
of the ductal system with innocuous solvent solutions 
combined with radiopaque material has been of value 
in establishing the size and location of residual calculi. 
This information is of value to those who seek to use 
either solvents, instrumentation or direct surgical removal 
of residual calculi. 


Instrumentation 


As instrument that could be inserted into a common 
duct and engage a retained calculus firmly enough that 


Fic. 1. T-tube cholangio- 
gram 9 days postchole- 
cystectomy and common 
duct exploration reveal- 
ing calculus that was re- 
moved surgically. 


Vol. 179 * No. 5 


it could be withdrawn or crushed so that its fragment 
might pass through the choledochoduodenal junction 
would indeed be the ultimate in the solution of this dis- 
turbing problem. Many instruments have been designed, 
some have been successfully used but save for the re- 
ports of Mazzariello!? the total experience of any one 
individual or group has been very limited. Bean and 
Mahorner? in 1972 described the removal of residual 
coramon duct stones through a T tube with a ureteral 
basket catheter. In a recent communication from Dr. 
Harold Conn he reported three of four patients with 
residual calculi successfully. removed by non-surgical 
means. He further stated that Dr. Bean had been suc- 
cessful in 83% of 44 cases. 

In general, it may be said that no two authors adhere 
to any single technique or procedure so a common ap- 
proach remains to be established. Lamis'* and his group 
have endorsed the use of the suction catheter of soft 
rubber with irrigation of saline and relaxants. C. J. 
Magarey" has reported the combined use of Desjardins 
forceps with a Dormia stone dislodger in five patients. 
He has found catheter suction an aid. McBurney and 
Gardner! have also used the suction catheter technique 
aided by the image intensifier to secure the calculus in 
the open end of the catheter. A further development 
in this approach has been the employment of a catheter 
with an arteriographic guide wire described by Niloff 
and Palayew.!* 

Numerous catheters and bougies have been devised 
in an effort to break up calculi and dislodge “calcareous 


Fic. 3. Artist's sketch. At 
operation on all patients 
with calculous biliary 
tract disease an intraop- 
erative cholangiogram is 
recommended unless 
there is a contraindica- 
tion. 
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Fic. 2. Intravenous cholangiogram, postoperative, revealing large 
calculus within the common duct. 


sludge." Wendth, Liberman and Alpert?” used a Teflon 
coated safety J guide introduced through a T tube. 
Unfortunately injury can result from these procedures. 
Reports on such iatrogenic lesions are seldom published. 
In discussion of these, Coyle and Thompson’ quite cor- 
rectly said: “In the past few years, Radiology has under- 
gone many changes, but the addition of the TV image 
intensifier has added tremendously to the diagnostic and 
therapeutic capability of the radiologist. He can now 
direct catheters into small selected vessels, aid surgeons 
in removal . . . of retained common duct stones." 
The most remarkable experience to be reported is 
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that of R. Mazzariello'? of Buenos Aires, Argentina. 
Over a period from 1964 through 1972, he has attempted 
removal of residual calculi in 220 patients. He was suc- 
cessful in 204, or 92.7%. Over this period of eight years 
he has evolved the following approach. 


l. After visualization of the fistulous tract and the 
ductal system, the skin orifice and the sinus tract are 
dilated with semi-rigid sounds up to and into the com- 
mon bile duct. 

If the indwelling T tube is large enough to admit 
the catheters and instruments he plans to use, dilatation 
is not done. This is seldom the case and the T tube is 
removed in most instances. 


2. A basket tipped Dormia catheter is passed into the 
common duct through an open ended plastic sound. 
The distal and proximal segments of the common duct 
are thus explored under the fluoroscope and the calculus 
or calculi located. The Dormia catheter is then pushed 
past the calculus. It is then withdrawn so that the basket 
is immediately opposite and alongside the surface of 
the stone. The basket is opened to engage as much of 
the calculus as possible. The calculi mav be fragmented 
and the duct irrigated and suction applied to the cal- 
culus through the catheter. 


3. The utilization of forceps of varied curves and types 
are used as a first maneuver to locate and attempt dis- 
location of a calculus. These are also effectual in crush- 
ing or fragmenting calculi. Small calculi and fragments 
are usually most easilv removed with forceps if thev can 
be engaged in its tip portion or with a snare thread 
through perforations of the jaws of the instrument. The 
utilization of forceps requires the image intensifier. 

4. The Dormia catheter, the suction catheter and the 


forceps singlv and in combination are effectual. Irriga- 
tions facilitate the removal of small calculi and fragments. 


Fic. 4. X-ray and line drawing of intraoperative cholangiogram 
done by introducing opaque material into the gallbladder. 


GLENN Ann. 





Surg. * May 1974 





Fic. 5, Transduodenal endoscopic cholangiography. 


Removal of a calculus, pushing it through the choledocho- 
duodenal junction, engaging it in the end of a suction 
catheter or enveloping it in a wire basket or snare can 
be hazardous. The experienced user of these methods, 
Dr. Mazzariello, has utilized ingenious innovations with- 
out imposing risk to the patient as attested to by the 
descriptions and illustrations that he has published. 

In discussions with surgeons of considerable experi- 
ence, the author has found that there are those who feel 
that irrigations for other than the demonstration of the 
actual presence of stones is contraindicated, and that once 
stones have been demonstrated that the surgical approach 
for the direct removal of the calculi is indicated at a 
suitable time. On the other hand, there are those who 
are of the opinion that every known method of non- 
surgical treatment should be emploved before a second- 
ary operation is embarked upon. Beginning first with 
solutions of a non-solvent nature to remove the pre- 
cipitous material, or calculi, and second by using sub- 
stances to dissolve and fragment stones. This same group 
feel that there is a great deal to be accomplished bv the 
utilization of catheters that further facilitate the br eaking 
up of calcareous material that will permit facilitating its 
passage through the choledochoduodenal junction with 
supplemental use of relaxants of various kinds. In addi- 


tion, those who advocate this latter approach feel that 
e 


s 
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instrumentation through indwelling tubes of one kind 
or another in the common duct is to be emploved before 
embarking upon surgery. Surgerv, in their opinion, is 
reserved for those intractable situations where calculi 
persist after all known non-surgical approaches have 
been emploved without success. 

A review of the reports of the five clinics listed in the 
table is indicative of the large number of patients that 
are operated upon annually, the frequency with which 
the common duct is explored, the incidence in which 
caleuli are found, and how often retained calculi are 
demonstrated. Among 16,700 patients, 4,087 (247) had 
common duct exploration that revealed calculi in the 
common duct in 1,884 (467), an average incidence of 
retained calculi of 4.3%. 

In an effort to determine a trend in the current inci- 
dence of retained calculi within the ductal svstem, the 
experience of the department of surgerv of The New 
York Hospital-Cornell Medical Center for the vear 1972 
is presented. Admittedly this is a limited experience over 
one year, however, it happens that it is representative of 
the common course of events that precedes "residual 
calculi." 


The New York Hospital Experience, 1972 


Four-hundred-and-ninety-nine patients were operated 
upon for calculous biliary tract disease in 1972. There 
were 360 females and 139 males. Three-hundred-and-two 
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Fic. 6. Transduodenal en- / 
doscopic cholangiogram. 
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patients were 50 vears of age or older and 197 under 
50 vears (Table 6). 

Exploration of the common duct was done in 83 pa- 
tients of the 499 at the time of cholecystectomy, or 16.6%; 
47 (56%) had calculi removed. Four patients were 
demonstrated to have residual calculi by postoperative 
T tube cholangiogram or intravenous cholangiography. 
All were removed surgicallv. 


Case Reports 


M.K. 55 41 13 Sex F, Age 81: An elderly woman was admit- 
ted with a diagnosis of acute calculous cholecystitis. An intra- 
venous cholangiogram showed moderate dilatation of the common 
Because of the 
patient's condition she was operated upon under local anesthesia 


bile duct, non-visualization of the gallbladder 


and a cholecvstostomy done. Numerous calculi were evacuated 
from the gallbladder and a Malecot catheter placed within it. 
She made a satisfactory recovery from this acute episode. Six 
weeks later she was readmitted for cholecystectomy and common 
duct exploration. An operative cholangiogram was negative for 
stones. A postoperative T tube cholangiogram was done eight davs 
later and revealed a single lucent defect which was easily dis- 
placed and had a very smoothly rounded contour; it was believed 
to be an air bubble rather than a retained stone and she was 
discharged. 

Thereafter the patient was followed in the out-patient depart- 
ment. She was readmitted to the medical service of the hospital 
several weeks later for cardiac decompensation that was corrected. 
At that time it was demonstrated that the alkaline phosphatase 
was elevated, being 315 on one occasion and two davs later 277. 
There was also a slight elevation of bilirubin to 1.1 mg£. An 
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Fic. 7. An instrument is introduced through the sinus tract to 
crush a calculus located by fluoroscopic examination with opaque 
material as described by Mazzariello. 


intravenous cholangiogram was reported as follows: “Dilated com- 
mon duct with a large lucid filling defect identified on current 
study." The patient underwent surgery and a calculus was re- 
moved. Five days after operation a T tube cholangiogram demon- 
strated a negative biliary ductal system. The cholangiogram was 
repeated two weeks later and again read as negative. The patient 
was then discharged from her third hospitalization. 

P.S. 67 93 19 Sex M, Age 79: At operation, cholecystectomy 
for chronic cholecystitis and cholelithiasis was done because the 
patient had been having attacks of RUQ and epigastric pain which 
radiated to the right scapula. An intravenous cholangiogram had 
not been done. At operation the size, thickness and nature of the 
wall of the common duct was not described. The patient was 
discharged from the hospital eight days following surgery with a 
statement that he had had a satisfactory postoperative course. He 
continued to have upper abdominal discomfort which was attrib- 
uted to an umbilical hernia. He was therefore readmitted to the 
hospital four weeks following his discharge and an umbilical 
herniorrhaphy was done. The patient continued to complain of 
pain and was interviewed by psychiatrists. Seven months later an 
intravenous cholangiogram revealed a dilated common duct be- 
lieved to contain many stones and the patient was operated upon 
a week later. Twelve days postoperative a T tube cholangiogram 
revealed a ductal system free of calculi. He was discharged free of 
abdominal pain. 

W.M. 113 54 94 Sex M, Age 69: A patient was operated 
upon for chronic cholecystitis and cholelithiasis and probable 
choledocholithiasis. Calculi and calculus sludge were removed from 
the common duct. Before the abdomen was closed a T tube 
cholangiogram was done and considered to be free of calculi. 

The postoperative course was satisfactory save that the total 
bile from the T tube ranged to 1000 cc/day and there was, in 
addition, bile leakage about the tube. Ten days after operation a 
T tube cholangiogram was done. "There was no flow from the 
common bile duct into the duodenum and a definite meniscus was 
seen at the most distal portion. There was some leakage about 
the T tube as it extended from the common duct." It was the 
impression of the radiologist that a calculus completely obstructed 
the distal common duct. A re-evaluation of the cholangiogram at 
the operation was very suggestive of a calculus in the common 
duct. 
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A few days later the common duct was re-explored and a single 
calculus and “calcareous sand" removed. The ductal system was 
decompressed with a T tube. A postoperative cholangiogram done 
11 days after the second operation and 31 days after the primary 
procedure was negative for calculi. 

J.K. 90 45 71 Sex M, Age 38: A young man with epigastric 
pain radiating to the back was admitted to the hospital with a 
diagnosis of cholelithiasis and a question of choledocholithiasis. 
The radiologist suggested that there was a lucency in the common 
duct on an intravenous cholangiogram. At operation the gallblad- 
der was removed, the common duct explored and no common ¢luct 
calculus found. Therefore a duodenotomy was done searching for 
presumed common duct stones. None was found. An operating 
room cholangiogram was obtained. This showed a normal ductal 
system, which was slightly dilated and no calculi were visualized. 
The patient's postoperative course was satisfactory. Twelve days 
after operation of T tube cholangiogram demonstrated a triangular 
filling defect proximal to the cephalad portion of the T tube. The 
patient was reoperated upon. multi-faceted black stone, 5 x 
4 x 3 mm, was easily extracted from the mid-portion of the duct. 
A #10 T tube was positioned in the common bile duct and the 
choledochotomy was closed. An operating room cholangiogram 
had been performed just prior to anesthetizing the patient in the 
operating room. The stone that was demonstrated prior to the 
initiation of surgery was not seen on postcholedochotomy x-ray. 
A T tube cholangiogram revealed a ductal system free of calculi 
nine days after the second operation. 


Discussion 


That the most frequently performed intra-abdominal 
operations are those upon the biliarv tract is indicative 
of the high incidence of calculous biliarv tract disease 
in this countrv. The evolution of the development of 
the surgery of the present has been continuous and 
gradual over the past century. Indeed it is the only 
effective therapv to interrupt its course and natural 
sequelae as well as a cure. This has been widelv accepted 
bv the profession and the patients chiefly because it has 
come to be accomplished with minimal risk and reason- 
able discomfort. 

Residual calculi within the ductal system following 
operation is an increment that delays the surgical objec- 
tive, namely cure and may prolong disabilitv. The esti- 
mated incidence is upward from 0.5% of all patients 
operated upon for calculous biliary tract disease. It is 
anticipated that this is being currently reduced and it is 
hoped that thev will be entirely eliminated some time 
in the future. There has accrued a vast literature of the 
experience of surgeons caring for those patients with 
biliary calculi. The information concerning those patients 
who are known to have had choledocholithiasis as well 
as cholelithiasis includes such specific data as age, dura- 
tion of biliary tract disease, diet and habitus emphasizing 
that residual calculi may be anticipated in this group in 
particular. 

In other words, choledocholithiasis is a prerequisite 
for residual calculi in the ductal system. The facilities 
for demonstrating calculi in the ductal svstem prior to 
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operation are good, providing both direct and indirect 3. Bell, G. D., Whitney, B. and Dowling, R. H.: Gallstone Dis- 
solution in Man Using Chenodeoxycholic Acid. Lancet, II: 


evidence. Intraoperative cholangiography is our most 1913 1979 
| efficient means of definitive examination of the ductal 4 g Seman E mna Lindén VurduwePshs Smdeconthe 
o system in determining the presence or absence of cal- Effect of Dietary Anion Exchanges on Gallstone Formation 


culi. Equipment for operative cholangiography is being in Hamsters. Acta chir. Scand., 134:651, 1968, 
5. Best, R. R., Rasmussen, J. A. and Wilson, C. E.: An Evalua- 
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IS adequate in most general hospitals to enable surgeons stones and Their Effect on Liver and Ductal Tissue. Ann. 
to detect the number, location and often the nature of Surg., 138:570, 1953. 

calculi in the common duct when used with ordinary ^ 6. Colcock, B. P. and Perry, B.: Exploration of the Common 


care. The recognition of all calculi within the ductal Bile Duct. Surg. Gynecol. Obstet., 118:20, 1964. 
7. Coyle, M. J. and Thompson, W. M.: Non Surgical Removal of 


system a operation will surely reduce the number of Retained Common Duct Stones. Alaska Med., 13:89, 1971. 
patients with residual calculi to an all time low. 8. Gardner, B.: Experiences With the Use of Intracholedochal 
When residual calculi are suspected, relatively simple Heparinized Saline for the Treatment of Retained Common 
measures and roentgenological examinations can quickly Duct Stones. Ann. Surg., 177:240, 1973. 
settle the question. If residual stones are demonstrated 9. Glenn, do ad J. rs i rs oon ug. Intra- 
u^ the first tion to. be answered is: should they be re- ee eee T E 
PU DIO IS [DOS NONE RSW sapere ede 10. Glenn, F. and Johnson, G., Jr.: Intravenous Cholangiography: 
moved or left unmolested? Both surgeons and patients Correlation with Operative Findings in 72 Patients. Surg. 
are reluctant to leave them and await the development Gynecol. Obstet., 105:473, 1957. 
of untoward symptoms. The future course cannot be 11. Hoppe-Seyler, C.: Cholelithiasis. Historical. In Nothnagel’s 


Practice. Diseases of the Liver Pancreas and Suprarenal 


forecast with any accuracy. Obstruction of the flow of Capsules, L. Oser, H. Quincke, E. Neusser, and G. Hoppe- 
bile and its attendant symptoms can occur, but when is Seyler, editors. Phila., W. B. Saunders, 525, 1903. 
unpredictable. 12. Lamis, À., Letton, A. H. and Wilson, J. P.: Retained Common 


Once demonstrated beyond a doubt, residual calculi Duct Stones. A New Nonoperative Technique for Treat- 
: ment. Surg., 66:291, 1969. 


become a target for a wide EARD: of approaches directed 13. McBurney, R. P. and Gardner, H. C.: Non-Surgical Removal 
at their removal. Solvents to dissolve them completely of Retained Common Duct Stones: Case Report. Ann. Surg., 
or sufficiently to permit their passage through the cho- 173:298, 1971. 
ledochoduodenal junction have long been utilized but 14- de e 5 J.: ru Leno RUNG of Retained Biliary 
: ; i. Lancet, 1: ; : 
with far from satisfactory results. Over the past two pecia : 4i 
: ou 15. Mazzariello, R.: Review of 220 Cases of Residual Biliary Cal- 
decades there has been introduced in addition and in culi Treated Without Reoperation: An Eight-Year Study. 
combination with solvents and lubricants the use of in- Surg., 73:299, 1973. 
struments, forceps, crushing clamps, metal tipped cathe- 16. Moller, oe Santavirta, S.: Residual Common Duct Stones, 
ters and suction apparatus. The success of Mazzariello ap S MEM À 
tB Ai h Bdsted int f 17. Mullen, J. L., Rosato, E. F. and Sullivan, M.: The Diagnosis 
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surgical methods of removal of residual calculi. Success 1971. 
has been reported. Specific information regarding iatro- 18. Niloff, P. H. and Lalayew, M. J.: Non-Surgical Removal of 
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surgeons with experience in the management favor direct raphy in Evaluation of Pancreatic and Biliary Disease. Gas- 
surgical approach for the removal of residual calculi. troenterology, 64:210, 1973. 
When in relation to the previous surgery this should be 20. Pribram, B. O. C.: New Methods in Gallstone Surgery. Surg. 
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2d DISCUSSION of course. But some of the instrumentations, and particularly those 
P which he described, are very worthy of trial. He has presented a 


Dr. Warren H. Core (Asheville): I certainly enjoyed this very low incidence, however, of residual stones, due to his vast 
paper of Dr. Glenn's very much indeed. He has described the use experience and care. 
of solvents and instruments in eradicating residual stones, and I Unfortunately, we are still encountering these residual stones, 
agree with him heartily that some of them should be tried—not all, and I'm afraid we will continue to encounter them, no matter 
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how experienced we are, because some of the patients have some 
very complicated anatomy. 1 know of no accurate method of 
elimination of all of these stones. 

But I am sure of this one point: You don't need to be in a 
hurry to get that patient back in the operating room. Some years 
ago the late Dr. Harridge and I went over a series of 14 or 15 of 
our cases Of residual stones or shadow; and none of these were 
jaundiced. You can't adopt a conservative attitude if the patient is 
jaundiced, or if clamping the tube produces pain that demands 
an early operation for removal of the stone. 

But in these 14 or 15 cases we operated on, less than half of 
them, after waiting and trving very simple procedures, including 
administration of bile salts for about three months, keeping the 
T-tube clamped all the time—Over half of these shadows dis- 
appeared. And vet our x-ray men called them stones. I don't know 
what they were, but at least we didn't have to operate on over 
half of them. We did operate on three or four, found stones in all 
these, and removed them. 

Now, a few words more, perhaps, in prevention of these stones. 
In the first place, the more frequent use and the more accurate 
use of cholangiography is going in prevention. Obviously, if the 
patient is jaundiced at the time of admission, or has a recent history 
of jaundice, and vou find no stones, you must do à cholangiro- 
gram on the operating table. I was not in the habit of doing 
cholangiograms on every patient, but on manv patients, indeed, it 
was very helpful, and occasionally we found stones which our 
fingers couldn't find. 

I do want to emphasize that every surgeon should trv to train 
Y fingers to detect these tiny stones, and also to trap them, so 
that they aren't pushed back up into the liver. A common error 
made by inexperienced surgeons is to insert the scoop immediatelv 
and push the stone up into the liver from where it may be diffi- 
cult to dislodge it. Pressing the scoop backward against the pos- 
terior wall of the common duct as it is inserted upward slowly 
vn minimize the possibility of pushing a stone upward into the 
iver. 


Dn. Grorce C. Morais, Ja. (Houston): It would be pretentious 
for me to discuss the problem of retained stones, but I do want to 
give Dr. Glenn a followup on a patient I showed him some 12 
years ago. 

[S lide] I rise to address only the problem of the recurring 
formation of stones in such cases as you see illustrated here; a 
patient with extensive sacular dilatation of the biliarv tree. This 

man had been operated on several times before when I saw him. 
I constructed a Roux-en-Y to solve the problem of these recurring 
stones; that is, to make a wide-open freewav for their exit. 

He has done well for 12 vears. He has had no recurring prob- 
lems of obstruction. He is getting into trouble now, though, with 
congenital sponge kidneys. This is a condition now described as 
Caroli's syndrome. 


Dn. WiLLiaAM W. SuiNGLETON (Durham): I'd like to focus on 
another problem associated with stones in the common duct, and 
this has to do with the problem of infection. Some four or five 
vears ago Dr. Robert Flemma and I, in evaluating the procedure 
of percutaneous cholangiography for various problems involving 
the common duct, made a study of bile duct infections in over 
100 patients. We obtained cultures from the common bile ducts; 
that is, from the hepatic ducts within the liver. And of the various 
conditions involving the biliary system, common duct stones had 
the highest incidence of positive cultures. This incidence was 92 
per cent. The next highest condition was a stricture of the com- 
mon duct. Thirdly was usually a tumor or a bypass procedure 
which had been previously carried out. 

Now, Dr. Dan Elliott, in a retrospective studv in Pittsburgh of 
several hospitals, found that less than 50 per cent of surgeons who 
were operating on the biliary svstem were obtaining bile cultures. 

In our study we found that in only half of those patients who 
had a positive culture—and usually it was a pure culture of 
E. coli—was there any history of chills or fever, suggesting 
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cholangitis. So we coined a new term, "asymptomatic bactobilla," 
meaning that many patients indeed carry infections in their biliary 
system, and have not had the symptomatology of cholangitis until 
such time as one invades the ‘biliary system, such as putting a 
needle in the hepatic radicle of the biliary system. It was our 
unfortunate experience to convert three patients from an asymp- 
tomatic state into a symptomatic state with chills and fever just 
by insertion of the needle within the hepatic duct. 

So we believe that if you do invade the biliary system, and 
the patient is not on antibiotics, you may indeed set into motion 
the process of cholangitis. 

Now, the bad part is—and we found this true in all thret of 
these patients—that at the same time they were having their chills 
and fever, we were able to culture the same organism from the 
blood stream, indicating that they had a septicemia secondary to 
this manipulation. 

So my plea would be this, that if we do use these instruments 
more and more, I think we should be very careful, to be sure 
that the patients are covered with antibiotics, and, I would say, 
with a broad-spec trum antibiotic such as ampicillin. The patient 
should be given this, probably, at least 12 hours prior to instru- 
mentation. This would apply both to operative intervention or to 
any other kind of manipulation or invasion of the biliary system. 

Distention of the biliary system, as one does, for example, in 
doing a postoperative cholangiogram, is enough at times to set 
into motion cholangitis. I'm sure all of you have seen patients 
who have been sent to the x-ray department for their postopera- 
tive cholangiogram coming back to the ward with chills and fever. 
We should therefore recognize the fact that stones in the common 
duct are very commonly associated with bacterial infection, and 
it's quite easy to convert these asymptomatic patients into sympto- 
matic ones with septicemia. 


Dn. J. Harop Conn (Jackson): I want to congratulate Dr. 
Glenn on a very important paper on what can be a somewhat 
embarrassing subject at times, particularly if you have to explain 
to that patient why you left stones in his common duct, and why 
he ur ds another operation to get rid of them. 

Ve became interested in the instrumental removal of common 
me stones by a paper that Dr. Mahorner gave before this society 
in 1970, in which he detailed a method that he and Dr. William J. 
Bean of New Orleans had devised to remove common duct stones 
using a modified ureteral stone basket. We adopted this: method, 
and with Dr. Bean's assistance have now removed three out of 
four stones. Dr. Bean's total experience, I believe, now is 44, with 
an 83 per cent success rate, 

The technique is relatively simple to master, and Dr. William R. 
Fain, a member of our surgical staff, has prepared a short film 
strip bis details the technique. (A film was started), 

This simply shows a simulation of a retained stone in the com- 
mon duct, The ureteral stone basket has been introduced through 
a catheter via the T-tube. Now you see the maneuvering required 
to engage the stone. It's then snugged up against the catheter, 
and then the whole thing is pulled out with the T-tube. 

Now, on an ac s Su this shows the insertion of the cathe- 
ter with a [-wire. The ]-wire is necessary to direct the catheter 
either upward or downward, or wherever “the stone may be. The 
]-wire comes down the common duct, and this time fails to engage 
the stone. It's brought back up, and then will come on back down 
and get around the stone. At that time, one may inject contrast 
media in order to outline the stone in the common duct. 

Here vou see the stone outlined down in the distal part of the 
common duct. 

Now, the J-wire is removed, and then the ureteral stone basket 
is compressed and placed into the catheter. This is inserted on 
down in the common duct, or up in the biliary radicles, wherever 
the stone may be present; and here, simply by maneuvering the 
stone basket by its handle back and forth, one can engage the 
stone; it is then necessary to snug the stone to the catheter, so the 
thing won't be lost when you pull it out. 

Here I think you can see it very easily, outlined by the contrast 
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media; it is then brought out with the T-tube. And we have 
removed this 9 mm stone.. ! 

This is an essentially painless procedure, requiring no anesthesia. 
As you can see, this patient is smiling. (End of film). : 


Dr. Coum C. Tuomas, Jr. (Chapel Hill): Dr. Glenn presented 
over 500 patients, and this seems like a large number, but I would 
remind you that in 1904 Drs. William and Charles Mayo pre- 
sented before this Association a report on 1000 cholecystectomies. 
It's of interest that without cholangiography 14 per cent of those 
had exploration of their common duct for calculi. 


Our experience with retained stones is pertinent. These studies 
have been carried out under the direction of Dr. Hubert Patteron. 
The initial approach was from the standpoint of instrumentation. 
In six of eight patients he was able to remove the stones with the 
Dormia stone basket. More recently, we have been interested in 
heparin. In 11 of 13 patients stones have been successfully dis- 
solved by use of the heparin drip (25,000—35,000 units in 250 ml 
of saline q6h). This usually requires about 10 to 14 days. It is less 
traumatic and seems to be associated with less cholangitis than in 


Zw" the patients with instrumentation. 


Finally, I would comment on pathogenesis. It seems to me that 
in removing a common duct stone one should pay particular atten- 
tion to its type. Those individuals who have bilirubinate stone 
probablv have associated stasis secondary to chronic partial ob- 
struction. It would seem, then, that in addition to removing the 
stone, the surgeon should also insure adequate drainage of the 
common duct, whether this be by choledochoduodenostomy or by 
transduodenal sphincterotoplasty. 
` My question.to Dr. Glenn is: What does he do under these 
later circumstances? If he sees a common duct that's dilated with 
sludge or pigment stones, is mere choledocholithotomy an adequate 
operation? | | 


Dn. Frank GLENN (Closing discussion): Many individuals have 
had little or no experience with the indirect approach, solvents 
and instrumentation in the management of residual calculi and 
continue to rely on the direct surgical approach. There is an in- 
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creasing number of reports of the success of a wide range of 
indirect approach. Dr. Cole's admonition in evaluating with care 
the supposed residual calculi with saline irrigations is much to 
the point. Things are not always as they seem and all T-tube 
cholangiograms done several days after operation revealing some- 
thing unusual do not prove calculi to be present. 

Dr. Morris’ case of Caroli's disease is particularly interesting to 
me, and I think he did the right procedure, certainly, and I'm glad 
to hear of a 12-year followup and congratulate him. 

What Dr. Shingleton has said is certainly very true concerning 
the individuals in the older age group who are debilitated and 
have common duct calculi. These are the individuals who uncon- 
trolled may develop acute suppurative cholangitis. Often they are 
admitted to the medical service in our hospitals acutely ill. This 
group contributes materially to the present mortality of biliary 
tract surgery. 

Dr. Conn's movie is certainly very appropriate and demon- 
strates what can be done. It is strong evidence in favor of using 
these measures before embarking on surgery for it may not be 
necessary. 

Dr. Thomas has mentioned their experience with heparin. In 
our community there have been both successes and failures, and 
at the present time I should think that the cholates, the oxycholic 
acids may be even more effective. I'm not quite clear about your 
question, Dr. Thomas. 


Dn. THomas: If the patient has a pigment stone, which is usu- 
ally secondary to stasis and partial obstruction, is mere removal 
of that stone an adequate operation, or should he have some type 
of drainage procedure? | 


Dr. GLENN: No, I don't think so. I think it's important to see 
why that patient has a pigment stone, and that you had better 
look to some of the blood dyscrasias as a cause. On the other 
hand, as far as the immediate results are concerned, a decompres- 
sion-—and you may have it either permanent or temporary—using 
either a T tube or a choledochoenterostomy. Choledochojejunos- 
tomy is the procedure that I favor over choledochoduodenostomy. 


Experiences with Surgical Reconstruction of the 


Despite intense surgical interest, surgical reconstruction of 
the biliary system, particularly at the hepatic duct level, is 
not always successful. Careful operative technique and the 
willingness to perform repeated procedures can result in a 
high percentage of good results in the management of trau- 
matic and surgical injury. Current results in management of 
carcinoma of the biliary system by surgical excision are less 
satisfactory but may be important as palliation. 


URGICAL RECONSTRUCTION of the biliary system at the 
S hepatic duct level is usually difficult and often 
disappointing. Lack of an available experimental model 
has severely limited studies pertinent to the problem, 
and current surgical opinion is necessarily based largely 
on reviews of clinical experience. Usually, such clinical 
series cover a long period of time and involve several 
operating surgeons. The possibility that details of opera- 
tive technique might be critical to success of biliary 
reconstructive operations suggests that there may be 
value in examining a single surgeon's experience over a 
relatively short period of time. This report includes all 
patients in the author's personal practice who have re- 
quired reconstruction of the biliary system above the 


level of the cystic duct junction with the common duct 
between 1960 and 1973. 


Clinical Material 


Fifteen patients are included in this report. The lesions 
necessitating surgical reconstruction were acute trauma 
(Table 1), surgical trauma (Table 2) and neoplasm 
(Table 3). The technical objectives of excision of all 
fibrotic and inflammatory tissue, careful and accurate 
mucosa-to-mucosa anastomosis and minimization of for- 
eign body response by selection of suture material and 
avoidance of stents have been consistentlv observed. 
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The majority of patients had had one or more attempts 
at reconstruction prior to referral to the author. The total 
number of operations directly related to biliary tract 
problems is given in Table 4. These figures include 
operations for complications, such as postoperative bleed- 
ing, which are not included in the case summaries. 


Acute Trauma 


The two patients with acute traumatic avulsion of 
hepatic ducts are sufficiently unusual to warrant brief 
reports. 


Case Reports 


S.B., a 2% year-old white male, was admitted to the Oklahoma 
Children's Memorial Hospital 13 days after being hit by a truck. 
The patient had been admitted to another hospital where he was 
found to have skull and pelvic fractures, but no intra-abdominal 
injury was recognized. He was discharged home but readmitted 
to a second hospital because of nausea and vomiting. On admission 
to OCMH the patient was a fussy, dehydrated child. Abdominal 
findings included slight distention but no tenderness. Initial lab- 
oratory findings included an hematocrit of 35% and bilirubin of 
25 mg/dl with a direct of 1.2 mg/dl. Other laboratory values 
were within normal limits. The day after admission an abdominal 
tap was performed and grossly bile-stained fluid was obtained. 
Operation was performed the following morning and avulsion of 
a major duct just below the liver, thought to be the left hepatic 
duct, was found. A primary anastomosis between the ductal ends 
was carried out with interrupted sutures of -00000- arterial silk 
and a small silastic catheter threaded through a stab wound in the 
distal common duct through the anastomosis for decompression. 
The patient's postoperative course was uneventful. He pulled the 
silastic tube out approximately ten davs after operation. He was 
reported as developing normally and with no difficulties attribut- 
able to the liver or biliary system eight years after the accident. 
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TABLE f. 


a an P Pa RT AR PENIS trn SH Dg e n I aa rata erret 
MMM"-"-""-"-"-aa---——-———-—--— ————— Qe rare mt mm n Rete a; 


Original Previous 


Pte Age Sex Injury Operation 
S. B. 24 M Hit by truck None 
D. W. 10 M Fell on stake Neg. laparotomy 


z ^ ^ - —— — Agere oir d s AN MI t TII rari i rr eq oi de t rt 
:PMMMWMWMMMWMWMMWEEREE-—-^—————— AA a aaiae aanmanen t ma emtee e n re 


IXW., a 10-year-old white male was admitted to the Oklahoma 
Children’s Memorial Hospital two weeks after falling out of a tree 
and landing on a stake which penetrated the right upper quadrant 
of the abdomen. Immediate laparotomy saine at another hos- 
pital revealed no intraabdominal injury. Approximately 12 days 
after injury he was found to have evidence of ascites. Paracentesis 
revealed gross bile and the patient was transferred for further 
treatment, On admission the patient appeared to be dehydrated 
but was not acutely ill. The abdomen was rounded and nontender 
and there was evidence of ascites. The only abnormal laboratory 
findings were a bilirubin of 2.6 mg/dl with a direct of 1.3 mg/dl. 
Operation was carried out on the day of admission. Complete avul- 
sion of the common hepatic duct just distal to the junction of the 
right and left hepatic ducts was found, Careful anastomosis between 
the two ends was aes with interrupted -00000- arterial 
silk sutures (Fig. 1). A small silastic catheter was placed through 
the anastomosis e xiting lower in the common bile duct. The patient 
recovered aneventeally but shortly after discharge from the hos- 


TABLE 2. 








Pt Age* Sex Original Operation Previous Reconstruction Operation Follow- U pt Result 
N.H 39 F Cholecvstectory 1) Roux-en- Y 1) Hepaticocholan- 16 mos. Death from 
2) Rev. of anastomosis giojejunostomy cholangitis 
( Kirtley) with septi- 
cemia ° 
2) Revision 
3) Revision 
4) Splenorenal shunt 
31 F Cholecystectomy 1) Expl, T-tube 1) Rev. of hepatico- 8 yrs Excellent 
jejunostomy 
2) Roux-en-Y 
D. W. 45 F Cholecystectomy None 1) Hepaticojejunos- 5 yrs. Excellent 
tomy, Roux-en-Y 
" 2) Rev. of anastomosis 
Es. 55 M GDE. None 1) Hepaticojejunos- 4À yrs Excellent 
tomy, Roux-en- Y 
A. C, 61 M — Cholecystectomy 1) Roux-en-Y 1) Rev. of hepatico- 4 yrs Excellent 
jejunostomy 
2) Revision 
Tad 55 M — Cholecystoduodenostomy 1) Cholecystojeju- 1) Resect. of stricture 10 mos. Good 
nostomy End-to-end duct repair 
2) Cholecystectomy 2) Resect. of stricture 
End-to-end duct End-to-end duct 
repair repair 
I0. 54 F Cholecystectomy None 1) Resect. of injured area 25 yrs Excellent 
End-to-end duct 
anastomosis 
M. B. 71 F Cholecystectomy 1) Reop., type unk. 1) Hepaticojejunos- 9 mos, Excellent 
tomy, Roux-en-Y 
2) Reop., type unk. 
3) Reop., type unk. 
4) Reop., type unk. 
5) Duct-to-jejunal loop 


* Age at referral to author. 


f Follow-up interval from last operation to death or last information (November, 
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Traumatic Avulsion of Hepatic Ducts 


Subseq. 

Operation Ope ration Follow-Up Result 
End-to-end repair None 8 yrs. Exc. 
End-to-end repair 7 yrs 2 mos. Indef. 

Roux-en-Y 
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pital had a single episode of cholangitis which responded rapidly 
to antibiotic therapy. The tube was removed approximately three 
weeks after the original operation (Fig. 2). This child was asymp- 
tomatic, with excellent growth and development, until seven years 
after the original operation at which time he became jaundice xd. 
Physical examination was entirely normal and the only abnormal 
laboratory findings were a bilirubin of 6 mg/dl with a direct of 
5 mg/dl and an elevated alkaline phosphatase. After a short period 
of observation the laboratory values did not change significantly 
and exploration was advised. At operation the left lobe of the liver 
was enlarged and exposure of the liver hilus was difficult. The site 
of the very high previous anastomosis was identified and dissec- 
tion carried upward to expose a reasonable left hepatic duct. No 
right hepatic duct was identified despite extensive dissection. A 
Roux loop of jejunum was prepared and used to anastomose to 
the left duct stump in an end-to-side fashion. The postoperative 
course was complicated by superficial wound infection and later 


Surgical Injury 


1973, in all cases) 
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TABLE 3. Carcinoma of Hepatic Ducis 
Duration of jaundice 
Pt Age Sex before exploration Previous Operation Operation Follow-Up Result 
T.M 44 F 1 month 1) Exploration Pos. 1) L. hepatic lobectomy 4 months Death 
biopsy Hepatojejunostomy 
J.H 52 F 1 month 1) Exploration 1) L. Hepatic lobectomy 16 months Death 
Hepatojejunostomy 
G. K. 63 M 6 months 1) Exploration Pos. 1) Excision of extra- 14 months Death 
biopsy hepatic biliary system 
Hepatojejunostomy : 
Roux-en-Y 
B.T 58 M 1 month 1) Cholecystectomy 1) Exploration 10 days Death 
2) Hepatojejunostomy 
Roux-en-Y 
3) Revision of anastomosis 
G. B. 63 F 6 months 1) Exploration Neg. 1) Silastic tube 6 months Fair 


biopsy 


2) Exploration Neg. 


biopsy 


by occult gastrointestinal bleeding. Liver chemistries returned to 
normal and the patient's early postoperative progress was satis- 
factory. 


Surgical Injury 


In eight patients, stricture of the biliary system re- 
sulted from surgical trauma ( Table 2). The initial opera- 
tion was cholecystectomy in six patients and in five of 
those the operating surgeon apparently did not realize 
that ductal injury had occurred. In one patient ductal 
injury was recognized and a cholecystoduodenostomy 
was performed. A patient who was explored for upper 
abdominal pain was thought to have an abnormally small 


.common bile duct and a segment of urethral catheter 


was inserted into the duct as a stent. A cholecystostomy 
was also performed in this patient. 

The interval between the original operation and the 
onset of obstructive signs or symptoms is given in Table 
9. In most instances jaundice, with or without profuse 
biliary drainage, was noted in the early postoperative 
period suggesting that a ligature was the cause of ob- 
struction, and this was found at operation in the two 
patients referred for initial reconstruction. In only one 
instance in which cholecystectomy was the original opera- 
tion were symptoms delayed longer than a few days, 
and this information was obtained by history from the 
patient after several years and several operations. 

Five patients had undergone attempted reconstruction 
prior to referral and all five had had more than one such 
attempt. Three had had two such procedures, one had 


TABLE 4. Operative Procedures 


Indication No. Patients Total Ops. Ops./Pt. 
Trauma 2 4 2 
Surgical Injury 8 37 4.6 
Neoplasm 5 14 2.8 

Total 15 55 3.7 


had three, and one had undergone five attempted recon- 
structive procedures (Table 5). A variety of reconstruc- 
tive operations was required in those patients with a 
history of previous repair. In two instances an existing 
hepaticojejunostomy by Roux-en-Y anastomosis was re- 
vised by resecting the previous anastomosis and adjacent 
scarring and performing a new anastomosis. In one pa- 
tient, the proximal dissection necessary to expose rela- 
tively normal ductal tissue involved tunneling into the 
liver several centimeters and in this patient, hepatico- 
cholangiojejunostomy, as described by Kirtley,’ was per- 
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COMMON DUCT 


Fic. l. Drawing showing level of injury and repair in traumatic 
avulsion (Patient D.W.). 
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Fic. 2. Cholangiogram several 
days after original repair of 
hepatic duct avulsion ( Patient 
D.W.). Good flow of contrast 
medfa with no evidence of 
narrowing. 





formed. An attempt was made to filet the duct and su- 
ture it open but this was not technically satisfactory. 
This patient subsequentlv underwent two revisions of 
this anastomosis at approximately one-vear intervals. She 
developed esophageal varices on the basis of biliarv 
cirrhosis, underwent a splenorenal shunt and ultimately 
died of cholangitis and septicemia eight vears after the 
original cholecystectomy. A patient whose original re- 
constructive pr ocedure consisted of anastomosis of the 
common hepatic duct to a jejunal loop was treated by 
performing a new anastomosis to a Roux loop of jejunum. 
One patient with a very short stenotic area in a previous 
duct-to-duct anastomosis was revised bv resecting the 
short segment and performing end-to-end anastomosis. 
Cholangitis recurred in this patient four months after the 
operation and, after several episodes of mild cholangitis, 
a second reconstruction was performed, again by excising 
a very short stricture and performing an end-to-end 
anastomosis with an initially satisfactory result. 

Two patients were referred shortly after the original 
cholecystectomy. In one patient, operation was necessary 
at 18 days because of deepening jaundice without ex- 
ternal drainage. The right and left hepatic ducts and 
the common duct had heen individually ligated and an 
intervening Y segment apparently resected, leaving a 
sizable gap between the ends. Reconstruction was ac- 
complished by suturing the two hepatic ducts together 
and performing an anastomosis between this ductal struc- 
ture and a Roux limb of jejunum. Cholangitis recurred in 
this patient in two months and, after further episodes 
of cholangitis, reconstruction was carried out ten months 
after the first reconstruction by excising the scar tissue 
and performing a precise anastomosis to the same jejunal 
limb. The second patient was reoperated on eight days 
after cholecystectomy because of jaundice. Ligatures 
were present just proximal and distal to the cvstic duct 
stump. This short segment was excised and end-to-end 
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anastomosis carried out with a satisfactorv postoperative 
course. The patient in whom a segment of catheter had 
been left in the common bile duct as a stent developed 
cholangitis two years after the original operation. At 
exploration the entire distal common duct was densely 
scarred, but a good common hepatic duct was present 
just distal to the junction of the right and left hepatic 
ducts. The duct was divided at this point and biliary- 
intestinal continuity established using a Roux limb of 
jejunum. 


Neoplasia 


Carcinoma of the right, left or common hepatic ducts 
was encountered in five patients. All five had been ex- 
plored for obstructive jaundice prior to referral. Tumor 
was identified at the original operation in three and 
proven by biopsy in two. One patient is reported in 
detail. 


Case Reports 


T.M., a 44-year-old white female, was explored for obstructive 
jaundice of one month’s duration. The gallbladder was empty and 
the common bile duct was small. The operating surgeon palpated 
a mass at the liver hilum and performed a needle biopsy of this 
mass which was reported as showing cholangiocarcinoma. The 
patient was referred for further treatment. At the time of admis- 
sion to the University of Oklahoma Hospital, she was a well de- 
veloped, well nourished, icteric female. Other than the jaundice, 
physical examination was not remarkable. Bilirubin was 16.5 
mg/dl with a direct of 10 mg/dl. Other laboratory values were 
within normal limits. Percutaneous cholangiography revealed com- 
plete occlusion of the left hepatic duct and nearly completes 
occlusion of the right ( Fig. 3). Exploration was carried out through 
a right thoraco-abdominal incision. Left hepatic lobectomv was 
accomplished; however, tumor extension in the hilum was close to 
the line of excision and it was necessary to divide the right hepatic 
duct after its division (Fig. 4). Reconstruction was carried out by 
suturing the two remaining right hepatic ducts together and per- 
forming an end-to-side anastomosis to a Roux limb of jejunum. 
The immediate postoperative course was satisfactory. The patient's 
jaundice cleared and she was discharged from the hospital. The 
patient developed jaundice two months after operation and at 
exploration was found to have a large, unresectable recurrence 
(Fig. 5). She was started on chemotherapv but died four months 
after the major resection. 

Left hepatic lobectomy was employed in one additional patient 


TABLE 5. Surgical Injury 





Onset of obstructive 





Previous reconstructive 








Patient symptoms operations 
N. H. 2 months 2 
IT. <1 week 2 
D. W. <1 week 0 
C3 2 years 0 
A. C <1 week 2 
| ERI SY 6 months 3 
nc « ] week 0 
M. B <1 week 5 











Fic. 3. Percutaneous cholangiogram in Patient T.M. with carci- 
noma of the left hepatic duct. Distal duct is filled by simultaneous 
T-tube injection, 


but tumor tissue was left near the right hepatic veins, The initial 
palliative result was good. In one patient, found at operation to 
have carcinoma of the ductal system at the level of insertion of 
"the cystic duct, the tumor was found to extend upward to a point 
below the junction of the right and left hepatic ducts and the 
ductal system was divided at this point and just above the duo- 
denum. Reconstruction was carried out using end-to-side anastomo- 
sis to a Roux limb of jejunum with an uneventful early course. 
Unresectable carcinoma involving both right and left lobes of the 
liver was treated in one patient by dilating the left ductal system 
and inserting a silastic splint through the tumor stricture and 
suturing this in place. The right duct could not be located. This 
resulted in disappearance of jaundice, and the tumor mass, which 
was marked at operation with metal clips, was treated by irradia- 
tion therapy. 

A final patient in the carcinoma group was a 58-year-old-mar 
who had undergone three operations for "sclerosing cholangitis." 
These operations covered a period of two vears and the patien! 
was referred to the author for re-exploration for recurrent biliarv 
obstruction. He was found to have abdominal carcinomatosis anc 
died approximately ten davs after this procedure. This was the 
only early postoperative death in the 15 patients. At autopsy there 
was no gross tumor mass in the hepatic duct remnants, but micro- 
scopic sections showed nests of adenocarcinoma cells in the duc: 
walls. 


Results 


The status of each patient at the time of this report 
is listed in Tables 1, 2, and 3. Of two patients requiring 
biliary reconstruction after acute trauma, one has a gooc 


WILLIAMS 


Ann. Surg. * May 1974 


result eight years after repair. The second patient was 
free of any symptoms of biliary obstruction after the 
immediate postoperative period for over seven years 
when he became jaundiced. Reoperation was successful 
in restoring biliary-intestinal continuity, but followup 
is too short to term the procedure a success. 

One of eight patients treated after surgical injury 
of the biliary system died as a result of the injury. This 
patient had multiple attempts at biliary tract reconstruc- 
tion undergoing a total of eight related surgical pro- 
cedures. The remaining patients are doing well without 
evidence of biliary obstruction. One patient is listed as 
having a good result because he has had a single episode 
of fever and, by history, dark urine. Serum bilirubin and 
alkaline phosphatase were normal during this episode. 
Five of the seven have had no symptoms suggestive of 
biliary obstruction for more than two years and four 
are asymptomatic more than four years after their last 
operation. 

Four of five patients with primary carcinoma of the 
bile ducts are dead. The patient still living had place- 
ment of a silastic tube through unresectable carcinoma 
and subsequent irradiation of the liver hilum. She is free 


Fic. 4. Specimen from Patient T.M. Tumor mass is visible pro- 
jecting from cut surface of total left lobectomy. 
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of jaundice and doing reasonably well five months after 
placement of the tube. The four patients who died were 
all relieved of jaundice and improved transiently. The 
relief of jaundice ranged from two months to 24 months 
but exceeded six months in three or four patients. This 
was considered to be reasonable palliation. It is of in- 
terest that the patient with the longest jaundice-free 
period underwent two biliary duct reconstructive pro- 
cedures for unrecognized sclerosing carcinoma. Only 
after jaundice recurred and the patient was explored 
was the diagnosis established and confirmed at autopsy. 


Discussion 


Complete division of major hepatic ducts by trauma 
has been infrequently reported, and a variety of surgical 
procedures has been suggested as treatment.9.11.21-25 
Simple drainage may be sufficient for partial division but 
seems unlikely to be successful for complete disrup- 
tion.^'? Sewell? reported ligation of a major hepatic 
duct with a very satisfactory postoperative course. Pri- 
mary repair of the duct by suture anastomosis has ob- 
vious advantages and appeal. A few instances of success- 
ful primary repair have been reported???! and one of the 
two cases described herein can be included. The occur- 
rence of stricture seven years after apparently successful 
repair is alarming and illustrates the unique vulnerability 
of biliary anastomoses to continuing contracture.?' This 
has been recognized for years but has not been com- 
pletely explained. 

Repair of surgical injury to the hepatic ductal system 
has been a problem since shortly after the first successful 
cholecystectomy.? A variety of reconstructive techniques 
has been described and employed, but none has gained 
universal acceptance. The principal areas of controversy 
at present concern the choice of duct-to-duct or duct-to- 
enteric anastomosis and the advisability of the use of 
long-term stents for anastomoses. Duct-to-duct anasto- 
mosis was advocated by Cattell and Braasch* and this 
large experience was influential in persuading surgeons 
to search for the distal ductal system and perform 
primary anastomosis between the proximal and distal 
duct ends. Reports of major series by Walters et al?* 
and Cole et al’ showing improved results with duct-to- 
enteric anastomoses and, more recently, the disappointing 
results reported by Longmire'* in duct-to-duct anasto- 
moses have led to a decline in the popularity of duct-to- 
duct anastomosis. It is suggested that the primary duct- 
to-duct anastomosis be performed only when very short 
segments of stricture are involved. The only failure of 
a reconstructive operation for stricture performed under 
favorable circumstances in the author’s experience was 
with a duct-to-duct anastomosis. Duct-to-enteric recon- 
structions involve the use of either duodenum or jejunum 
(usually as a Roux-en-Y anastomosis). Anastomosis of 


RECONSTRUCTION OF HEPATIC DUCTS 


E iv 
eir Most. 





^ tes ju ns A 3. *w- 

» 493 De IN'N 
4 YH Li E ge ` 
tey . t , 


LOWE y 


Fic. 5. Photomicrograph of adenocarcinoma from Patient T.M. 


the biliary system directly to the duodenum was popu- 
larized by Walters et al.?* and, more recently, supported 
by Aust and associates? and Hertzer and associates.’ The 
duodenal operation is simpler than the jejunal in that less 
anastomoses are necessary and it does preserve the pres- 
ence of biliary contents in the duodenum. Biliary tract 
reconstruction by anastomosis to the jejunum in a Roux- 
en-Y fashion was originally advocated as a means of 
avoiding reflux and, therefore, cholangitis. It is now 
generally accepted that cholangitis is almost invariably 
due to obstruction and that reflux is relatively unim- 
portant. Nevertheless, the jejunal anastomosis has dis- 
tinct advantages. The Roux limb can be made long 
enough so that the anastomosis is under no tension and 
is mobile enough that anatomic accuracy in performing 
the anastomosis is simplified. The presence of a Roux 
loop repair greatly facilitates subsequent exposure if an 
additional operation is necessary? and this is a possibility 
in any biliary tract reconstruction. F inally, use of the 
Roux limb avoids the possibility of a lateral duodenal 
fistula which can result from a mishap with duodenal 
anastomoses. For these reasons, the authors have rou- 
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tinely employed hepatojejunostomy by Roux-en-Y anasto- 
mosis when a biliary-enteric operation is selected. Intra- 
operative cholangiography is often very useful in de- 
fining anatomical relationships (Fig. 6). 

The use of stents to decompress the proximal biliary 
tree and to maintain patency of anastomoses by prevent- 
ing scar contracture has been almost routine until the 
last decade despite the suggestion by Cole et al.’ that 
tubes might increase the inflammatory response and 
therefore increase the scarring and contraction. Warren 
et al.? support the use of stents with a very large ex- 
perience and state that the best results were in patients 
in whom stents were left in place for 18 months to two 
years. The value of stents is also suggested by the experi- 
ence of Lane et al.!° Clinical and exper imental evidence 
indicating that splints are not necessary for successful 
biliary anastomoses has been presented by Madden.“ 
Decreasing reliance on tubes has been mentioned by 
others.*:*7 int have not been used in the author's 
experience, but repeated strictures in the patient having 
a Kirtley operation and follow-up of a sizable series 


Fic. 6. Operative cholangiogram from Patient J.T. showing typical 
high occlusion of common hepatic duct with dilated proximal 
ductal system. 
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of similar operations performed bv Kirtlev and his as- 
sociates'” suggest that a stent might be helpful in those 
situations in which accurate mucosa-to-mucosa anasto- 
mosis is not technically possible.” 

It is probable that adherence to details in the perform- 
ance of biliary anastomosis is even more important than 
the type of reconstructive procedure which is selected. 
There is usually little option in timing reconstructive 
procedures, but when biliary obstruction or mishap is 
recognized in the postoperative period (usuallv within 
three to five davs), immediate reoperation is technically 
easier than if the procedure is delaved longer than one 
week. There is no convincing evidence that the success 
rate is higher but this seems to be reasonable assumption. 
In the performance of biliary anastomoses, preliminary 
resection of all scar and inflammatory tissue is exceed- 
ingly important. The bile-stained lining of a biliary 
Éstuloius tract may have the gross appearance of mucosa 
but have no mucosal lemienis: If there is any doubt, 
frozen sections of the areas to be used for anastomosis 
can be utilized to prove the presence of a mucosal lining.” 
The author prefers an accurate, one layer, interrupted 
suture technique using very fine, inert sutures. The cur- 
rent choice is polvpropylene. An external drain is used, 
but internal drainage and stents are not employed if 
an accurate mucosa-to-mucosa anastomosis has been 
achieved. Plastic procedures for revision of strictures 
have been mentioned frequentlv.?*.'? Usually the de- 
gree of scarring precludes success of such procedures 
but when a mucosa-covered diaphragmatic stricture is 
encountered, as described bv Way and Dunphv;?' longi- 
tudinal incision and transverse closure is appealing. 

Recurrent stricture after reconstruction is usually mani- 
fested by cholangitis and ordinarily occurs within two 
years of the operation. Way and Dunphy?” have stated 
that a patient, two vears after reconstruction without evi- 
dence of obstruction, has a 90% chance of permanent 
freedom from biliary obstruction. 

Carcinoma of the extrahepatic biliary system is un- 
common but not rare.!? The fact that these tumors pro- 
duce a very distressing clinical picture (progressive 
obstructive jaundice, pruritis, anorexia, etc.) and the 
observation that many tumors remain localized for long 
periods of time have led to an aggressive surgical atti- 
tude towards these lesions. Technical procedures for 
excision of the entire extrahepatic ductal system and 
extended resection of either hepatic lobe have been de- 
veloped. 

Longmire!? has suggested further technical extensions 
for use in resecting lesions of the hepatic ductal system. 
The actual experience reported to date, however, is dis- 
couraging despite occasional reasonable results.?.9.!?-7* 
Since, in most instances, there has been a fairly long 
delay before the diagnosis of carcinoma is suspected, it 
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is possible that increased awareness and earlier diagnosis 
may result in increasingly successful surgical resections. 
Reasonable palliation can often be obtained, but un- 
fortunately, this is usually not of long duration?9 When 
surgical resection and, therefore, any possibility of cure 
is not possible, the insertion of a permanent tube into the 
ductal system, bypassing or stenting the obstructed seg- 
ment, also affords reasonable palliation.!? As Altemeier 
et al^ have reported, sclerosing carcinoma of the bile 
ducts may be a very confusing entity and should. be 
considered whenever the diagnosis of sclerosing cholan- 
gitis is entertained. This lesion is often slower growing 
than other tumors in the area. Prompt diagnosis and 
aggressive treatment may yield improved results. 


-— 
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As Dr. Williams mentioned, I think surgery of this type, while 


“~~ being indicated less frequently than previously, is still going to be 
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necessary in certain cases for a long period of time, and it's im- 
portant that we have in our armamentarium a number of different 
methods, or at least be quite familiar with these in the event they 
are needed, even though the need for the alternate methods may 
arise infrequently. 

All of us would agree that duct-to-duct anastomosis is best, 
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perhaps, if we do it; but frequently, whether due to trauma or to 
injury occurring in the operating room, sufficient amount of duct 
to permit end-to-end anastomosis is frequently non-existent. 

On the other hand, the Roux-en-Y anastomosis to the common 
duct or hepatic ducts has been advocated as a method of avoid- 
ing cholangitis and ascending infection. In our experience, I be- 
lieve that anastomosis of the proximal ducts to the duodenum, 
where mucosa-to-mucosa can be carried out, gives just as good a 
result; and actually, it seems that we do not have the problem of 
ascending infection and cholangitis as long as there is not stric- 
ture present. 

This has been a controversial] issue, and before this Association 
there have been, at times, people who would advocate the avoid- 
ance of infection by the ascending route by always using the 
Roux-en-Y. Dr. Waltman Walters of this Association, at previous 
meetings has frequently referred to his extensive experience at the 
Mayo Clinic with anastomosis of the duct to the duodenum re- 
porting excellent results. I think that both methods work very well. 
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I think also that, while certain methods may be the best in the 
hands of a given individual because of his personal experience. 
there are other times when a different method mav be lifesaving. 
We owe a great tribute to Dr. Longmire for the method of intra- 
hepatic cholangiojejunostomy, which most of us, except Dr. Long- 
mire, refer to as ihe Longmire operation, because this has beer 
lifesaving for a number of individuals. 

I also think the method of Mr. Rodney Smith, of London mar 
be very helpful. This is the ingenious method of dilating the stric- 
tured area in the hilum of the liver, passing a flexible gallstone 
forceps up through the dome of the live t, and then drawing down 
a Levin tube, attaching this to the mucosa of a Roux-Y, and, as 
Mr. Smith states, accomplishing mucosa-to-mucosa anastomosis 
without sutures, by drawing this mucosa up into the hepatie 
portion of the liver. 


Dn. Kenneta W. Warren (Boston): The method Dr. Williams 
has employed certainly has merit, and the results for traumatic 
strictures secondary to operation indicate that this is a meritorious 
procedure. 

Having treated considerable number of these patients, we have 
seen a broader spectrum of the pathology. This experience has 
convinced us there is no single operation, and we must indi- 
vidualize the procedure. One must be prepared to use a variety 
of stents. 

It is very easy to avoid a stent if the caliber of the duct above 
is good. E ssentially, what you find at the hilus of the liver deter- 
mines the ultimate result. As Dr. Wilson has said, certainly there 
is a place for transhepatic intubation, both by pulling up the 
mucosa, as he described, and Rodney Smith has used, and also 
for putting a U tube right through the liver where it can be 
changed. This is for patients who have stricture of the intrahepatic 
ducts. 

One of the stents that we like best is a modification of the 
Cattell Y tube where I put a vulcanized, solid core onto this Y 
and bring it out either through the jejunum or the common duct 
in the rare instances in which we do end-to-end repair. Thus, we 
are able to remove it without reoperation. 

In reviewing the records of a large number of patients who have 
had indwelling Y tubes—the Cattell Y tube—the longer these 
stents stayed in without producing symptoms (these stents were 
left in until cholangitis developed requiring a secondary operation 
for their removal) the better the result. Three vears seemed to be 
the magic number. A good result was obtained in 86 per cent if 
the stents staved in that length of time without producing symp- 
toms. After that, there was a scattering of patients, some of the 
stents staying in as long as 20 years. The longer the stents re- 
mained in place without symptoms, the better the result. 

The modification of the Y tube presents one problem. Patients 
'an see the external limb, and they want the tube removed. We 
have used this modified tube now for about five vears and think 
it is eminently applicable to many of these strictures, We also 
have used the Rodney Smith mucosal graft with our modified Y 
tube, and by pushing this Y segment up into the ducts, the mucosal 
bridge is well above the stricture. 

So, I make a plea. One has to individualize the surgical treat- 
ment and one has to be prepared even to improvíse at the time 
of operation. 





Dn. FRANK GLENN (New York): I wish to take this opportunity 
to re-emphasize the unpredictability of a bile duct either anasto- 
mosed to bile duct or to any structure. It appears that stricture 
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due to scar tissue in the bile duct wall may be scant or exuberant. 
The type of anastomosis and suture material seems to make little 
difference. 

This slide is a cholangiogram (O. R.) of an 18-vear-old female 
in whom I had repaired a right hepatic duct by end-to-end anas- 
tomosis and a divided common duct by cholec lochojejunostomy 
(Roux Y tube). Eighteen months later her alkaline phosphatase 
became elevated and then her bilirubin. At operation this chol- 
angiogram reveals a stricture of the duct to duct anastomosis of 
the right hepatic and stricture of the choledochojejunal anastomo- 
sis with calculi proximal to it. These were corrected. The patient 
had had a T tube stent from the right hepatic to and through the 
choledochojejunal anastomosis for several months and then re- 
moved. At present, over a year after the second repair, her alka- 
line phosphatase is slightly elevated and her bilirubin normal. 


Dr. RosEur Zerpa (Miami): My primary purpose is to bring 
to the attention of the membership a particularly pernicious 
mechanism for the development of common duct stricture, and 
this is the forcing in of the smallest T-tube during the course of 
resection for liver injury. As you know, this was a procedure in 
vogue for the therapy of liver injuries, and we have seen one 
particularly horrendous problem with a young man who required 
an extensive debridement lobectomy, and subsequently deve ‘loped 
stricture in a common duct that at the time of the liver injury 
measured only 3 mm in diameter, and some very poor judgment 
was used in putting in that T-tube. The smallest T-tube that they 
could fit was the smallest size available in the hospital. 


Dr. Wittiam P. LoNcMinE, JR. (Los Angeles): In regard to 
the part of the alimentary tract it one should use for recon- 
struction, may I say that for many years we have favored the use 
of a Roux-en-Y jejunal limb for a ' choledochojejunostomy: how- 
ever, it should be pointed out that in a recent review conducted 
by Dr. Michael McArthur of about 90 of these cases at our insti- 
tution, 10 per cent had developed peptic ulcers, and between 25 
and 30 per cent had peptic ulcer symptoms. Experimentally, one 
can markedly increase the gastric acid output by creating a 
choledochojejunostomy. 

This finding has cooled our enthusiasm somewhat for the use of 
choledochojejunostomy. There is one time, however, when use of 
the jejunum is indicated, and that is in cases of repair with a very 
small thin-walled duct as seen at the time of an extensive primary 
bile duct injurv. These may leak, and if the duct has been anasto- 
mosed to the duodenum, then one is dealing with a duodenal 
fistula. In such early cases we have always preferred to use the 
jejunum, if available. 


Dr. Erte E. Peacock, Jr. (Tucson): The problem in recon- 
structing the. common bile duct is not just one of rebuilding a 
conduit. All of the currently available operative procedures will 
do that. An additional problem, as I see it, is contraction of the 
scar davs and weeks after the conduit has been constructed. 

A cell which seems to make a major contribution to scar con- 
traction has been identified. It is called a mvofibroblast. A specific 
m ET my oho est action also ngs been identified. It is 
bladder. contraction. Tornale. is avelaticn across a nec coun- 
ter and it would seem to me that, although not a whit of evidence 
is available now that it would work in tubular organs, it is time to 
start evaluating such agents as adjuncts to reconstructive surgery 
of tubular organs. 


' 


Intramural Duodenal Hematoma 


Fourteen patients in whom the diagnosis of intramural duo- 
denal hematoma was made have been treated and studied 
at the Cincinnati General and Childrens Hospitals. Contrast 
radiographic evidence was the basis for diagnosis in 13, and 
one was discovered at laparotomy. The treatment in 1l pa- 
tients was non operative, consisting of restriction of oral 
intake, nasogastric suction when indicated, and the intra- 
venous infusion of fluids and electrolytes. All 11 survived 
without complication. The three other patients were op- 
erated upon, one for an incorect diagnosis of acute appendi- 
citis and two with a correct preoperative diagnosis of intra- 
mural duodenal hematoma. In this group, one major compli- 
cation resulted, and all survived. On the basis of this experi- 
ence, the nonoperative treatment for intramural duodenal 
hematoma is recommended after perforation of the duo- 
denum or other associated injuries requiring laparotomy 
have been satisfactorily excluded. 


Ws THE INCREASING INCIDENCE of blunt abdominal 
trauma, one of the more interesting and challenging 
complications being encountered in clinical surgical prac- 
tice is the entity of intramural duodenal hematoma. This 
entity was first described by McLaughlin! in 1838 in 
an autopsied patient. Since then sporadic reports have 
appeared describing one to nine cases of intramural duo- 
denal hematoma,'-19 and some of these have been asso- 
ciated with duodenal perforation or injuries of the 
pancreas.5.1 

Most reports have emphasized the importance of an 
aggressive surgical approach consisting of laparotomy, 
evacuation of the intramural hematoma, and occasionally 
gastroenterostomy when complete duodenal obstruction 
was found.1.?-4-*13 Those recommending operative treat- 
ment have described the ease of surgically extracting the 
intramural hematoma and relieving the associated duo- 
denal obstruction. Another justification cited has been 
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the importance of determining the presence of any asso- 
ciated perforations of the alimentary tract, particularly 
those of the duodenum or jujunum. In one instance a 
pancreaticoduodenectomy was done for extensive hemor- 
rhagic infiltration of the doudenum and disruption of the 
ampullary area in a mild hemophilac patient." 

A notable exception to the aggressive surgical approach 
was the report of four pediatric patients by Izant and 
Drucker? who recommended a conservative non-opera- 
tive treatment. : 

In 1954 Felson and Levin? at the Cincinnati General 
Hospital described a "coiled-spring sign" which they 
found in the upper gastrointestinal radiologic examina- 
tions using hypaque or thin barium which they believed 
to be diagnostic of intramural duodenal hematoma (Fig. 
1). Later, in another report from the same institution, 
Wiot, Weinstein, and Felson!9 described an additional 
sign based upon similar diagnostic findings involving the 
mucosal folds in two patients with intramural duodenal 
hematoma on the basis of anticoagulant induced bleeding 
(Fig. 2). They called the latter radiologic findings the 
"stacked coin sign." 

Utilizing these radiologic signs to identify this lesion 
and to rule out the presence of perforations or lacerations 
of the duodenum, a nonoperative surgical approach has 
been used successfully in 11 of a series of 14 patients 
with a diagnosis of intramural duodenal hematoma. 
Operation was used in the other three. A study of this 
experience form the basis of the following report. 


Material and Methods 


Between 1951 and 1972, there was a total of 14 pa- 
tients in whom the diagnosis of traumatically induced 
intramural duodenal hematoma was made on the Surgical 
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Fic. 1. Upper gastrointestinal radiograph showing “coiled spring 
sign” (arrow) indicative of post-trauma duodenal hematoma. 


Services of the Cincinnati General Hospital and the Cin- 
cinnati Childrens Hospital. Subsequently, one of thes 
(Case No. 3) was shown to be an atypical case, but it 
has been included because it illustrates some of the 
pitfalls in diagnosis and treatment. 

The ages of the patients ranged from four to 68 years, 
the average being 17 years. Eight of the 14 patients were 
less than ten years of age. There were eight males, and 
six females. All fourteen patients gave a history of blurt 
abdominal trauma. The types of blunt trauma were: 
falls (6), blows (6), and automobile accidents (2) as 
listed in Table 1. 

The symptoms and signs included low grade fever, 
epigastric or right upper quadrant abdominal pain, naw- 
sea, vomiting, and epigastric or right abdominal tender- 
ness (Table 2). The intervals between injury and admis- 
sion to the hospital were interesting as shown in Figure 
3. The majority of these patients were not symptom-free 
during that interval, but had symptoms which were mild 
initially but more severe later. 


Laboratory Data 
The W.B.C. showed a leucocytosis which generally 
was in the range of 13,000 to 16,000/mm.? The serum 
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amylase was elevated in only two of ten patients in which 
the test was done. Significant depression of hemoglobin 
or hematocrit levels were not encountered nor was there 
evidence of clotting factor deficiency except in one pa- 
tient with severe cold exposure in whom no platelets 
could be detected in his periphenal blood for a period 
of six hours (Case No. 11). 

Operative treatment was used iu three patients, two 
with a correct preoperative diagnoses of duodenal héma- 
toma, and one with an incorrect preoperative diagnosis 
of acute appendicitis. This patient, however, did not 
have an upper gastrointestinal radiologic study preopera- 
tively but did have a positive study using hvpaque con- 
trast material on the sixth postoperative day. The hema- 
toma was partially evacuated in two patients and left 
in place in the third ( Case No. 1). 


Results 


Eleven patients were managed conservatively by re- 
striction of oral intake with or without nasogastric intu- 
bation and suction, and the intravenous infusion of fluids 
and electrolytes. One patient (Case No. 4) with a small 





Fic. 2. Upper gastrointestinal barium study depicting the "stacked 
coin sign" (arrow indicative of spontaneous anticoagulant induced 


hematoma of duodenal wall). : 
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TABLE 1. Intramural Duodenal Hematoma: Type of Injury 


(14 Patients) 





Number of Patients 





A. Fell: 

1. From 30 feet 

2. From Standing Position 
B. Struck: 

1. Kicked 

2. Bicycle 

3.*Shovel Handle 

4. Football Helmet 
C. Automobile Accident 


Uo 


N =—  h32 DO 








hematoma was evaluated, diagnosed, and treated as an 
outpatient by the Pediatric Service. The remaining thir- 
teen were hospitalized. The average interval after ad- 
mission until oral feedings were tolerated was four days 
with a range of one to seven days ( Table 3). 

There were no major complications in the conserva- 
tively treated group. One patient was readmitted six 
months later with abdominal pain and hvperamvlasemia, 
but studies failed to reveal a suspected pancreatic pseudo- 
cyst. She again responded to conservative therapy and 
has been symptom free for 15 months. 

In the operatively treated group, there were three pa- 
tients. The hematoma was evacuated in two, and not 
evacuated in one because of its extent and diffusion. One 
pediatric patient required reoperation one day postop- 
eratively as the only major complication encountered. 
There were no deaths in either group. Subsequent upper 
gastrointestinal radiographic studies have been obtained 
at varying intervals in 10 of the 14 patients, and none 
has demonstrated stricture formation or obstruction. 


Radiologic Examination 


If there was any suspicion of a traumatic performation 
of the duodenum, an upper gastorintestinal series using 
hypaque contrast solution was performed. If no evidence 
of perforation was found or suspected, barium was em- 
ployed to give the sharp detail necessary for diagnosis 


TABLE 2. Intramural Duodenal Ilematoma 
(14 Patients) 





Number of Patients 


A. Age: Range 4-68 years old 


1. Less than 10 years 8 
2. 11-20 years 3 
3. Older than 20 years 3 
B. Sex: Males 8 
Females 6 
C. Symptoms 
1. Abdominal Pain 13 
2. Nausea and Vomiting 14 
D. Signs 


1. Abdominal Tenderness 
2. Distention 
3. Low-grade fever 
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Fic. 3. Interval between injury and admission which was charac- 
terized by continuing mild symptoms but not absence of symptom. 


of the “coiled spring sign” (Fig. 1). The supine film 
was found to be best for illustration of this sign. 

In the more recent cases, diagnostic peritoneal lavage 
was used whenever the diagnosis of duodenal and pan- 
creatic laceration was suspected, employing the follow- 
ing technique. The stomach was emptied with a naso- 
gastric tube and the urinary bladder with a Foley 
catheter. The abominal skin was prepared and draped 
using sterile technique. Local anesthesia was infused in 
the mid hypogastrium in the midline. If a previous surgi- 
cal scar existed in this area, the mid epigastrium was 
chosen. A small skin incision was then made and a tro- 
char with a peritoneal dialysis catheter carefully intro- 
duced through the abdominal wall into the peritoneal 
cavity. After the trochar was removed, one liter of Ring- 
ers lactate solution was infused rapidly intraperitoneally 
in adults with a proportionately smaller amount of fluid 
being used in children. Thereafter, the patient was ro- 
tated from side to side with gentle abdominal massage 
following which fluid was collected by gravity drainage 
through the same catheter. This fluid was then analyzed 
for bile, amylase levels, vegetable fibers and bacteria. 
White blood cell counts and hematocrit determinations 
were also made. 

A summary of the fourteen patients has been tabu- 
lated in Table 3, and the following case reports illustrate 
the clinical course and some of the representative prob- 
lems encountered. 


Case Reports 


Case No. l. A 16-year-old male was admitted to the Cincin- 
nati General Hospital on February 29, 1972, with a history of 
having been kicked in the abdomen two days prior to admission. 
He developed constant right lower quadrant pain shortly after his 
injury and this persisted. One day after his injury he began to 
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TABLE 3. Results 
E = ——  — 
Patient Number Age Injury Delay to Admission Diagnosis Therapy Complication 
m 16 Kicked 2 days Laparotomy Operative None 
Fa 44 Fell 5 UGI Non-Operative None 
3. 10 Fell 0 UGI Non-Operative None 
4. 5 Auto Acc. 0 UGI Non-Operative None 
$. 8 Struck 4 UGI Non-Operative None 
6. 4 Fell 4 UGI Non-Operative None 
if 7 Fell 1 UGI Non-Operative None 
8. 4 Struck 7 UGI Non-Operative None ° 
9. 30 Auto Acc. 0 UGI Non-Operative None 
10. 5 Struck 3 UGI Operative Re-operation 
necessary. 
ER 68 Fell 0 UGI Non-Operative None 
14. 9 Struck 3 UGI Non-Operative None 
13. 9 Fell 2 UGI Non-Operative None 
14. 18 Struck 0 UGI Operative None 





vomit and this persisted. He had no other known associated 
diseases. 

Examination on admission showed his blood pressure to be 
120/80, his pulse 100, and his temperature was 98 F. His ab- 
dominal exam revealed generalized tenderness with voluntary 
guarding and moderate rebound tenderness, especially in the right 
low quadrant. His bowel sounds were hypoactive. Rectal exam 
revealed a tenderness in the right lateral upper pelvis. Laboratory 
data on admission showed a hematocrit of 40%, a white count of 
14,400. His electrolytes were within normal range. Serum Amylase 
was 198 (normal, less than 200), bilirubin 1.8, prothrombin time 
was 46% of control, fibrinogen 169 mgm % with adequate platelets. 
Plain films of the abdomen showed no abnormality. Preoperative 
upper gastrointestinal radiograph (UGI) was not performed nor 
was abdominal paracentesis performed. With a preoperative diag- 
nosis of acute appendicitis, a McBurney incision was made the 
day of admission but the appendix was found to be normal. A 
midline incision was then made to allow exploration of a large 
retroperitoneal hematoma which appeared to arise from the third 
portion of the duodenum extending into the mesentery of the 
upper jejunum. The entire duodenum was found to be involved 
in the hematoma. The kidneys and major retroperitoneal vessels 
were without apparent injury. No attempt was made to evacuate 
the hematoma from the duodenum. The patient was treated 
postoperatively with intravenous fluids and nasogastric suction 
for a period of 17 days. A hypaque upper gastrointestinal serics 
obtained on the sixth postoperative day showed almost complete 
obstruction of the duodenum. A repeat upper gastrointestinal 
series 11 days after his laparotomy showed edema of the duodenal 
wall but no obstruction. A third upper gastrointestinal series six 
months after injury showed slight residual change but no evidence 
of stricture or obstruction (Figs. 4, 5). 

Case No. 2. A 44-year-old female was admitted to the Cincin- 
nati General Hospital on January 14, 1972, after having fallen 
against a chair in her kitchen five days earlier. She had experi- 
enced progressively more severe constant upper abdominal pain 
and had been persistently vomiting all ingested material. She 
had noted no bilious character to the vomitus. The cause of the 
patient's fall was most likely related to her chronic, heavy alco- 
holic intake. On admission her blood pressure was 120/80, her 
pulse 100, temperature 99.2 F. Her abdomen was slightly dis- 
tended. She was tender in the epigastrium and right upper 
quadrant with voluntary guarding and rebound tenderness in the 
right upper quadrant. Her bowel sounds were hypoactive. Admis- 
sion laboratory data included a hematocrit of 41%, hemoglobin 
14.0 gms, a white count of 16,900 with 79% polymorphonuclear 


leukocytes, serum amylase 148, ( normal less than 200) serum bili- 
rubin 1.3 mgm %, prothrombin time 20% of control and ade- 
quate platelets. Plain x-rays of the abdomen showed displace- 
ment of the stomach to the left and slight inferior and medial 
displacement of the duodenal bulb. A barium upper gastro- 
intestinal series showed partial obstruction by a bulging, smooth 
mass beginning at the duodenal bulb. (Fig. 6) An intravenous 
pyelogram was normal and the intravenous cholangiogram was 
normal An abdominal paracentesis was performed which was 
negative. The patient was treated conservatively with intravenous 
fluids and nasogastric suction which was continued for a period 
of three days at which time full liquid diet was tolerated. She 
was able to take a regular diet five days after admission—that is, 
nine days after injury. A repeat upper gastrointestinal series was 
performed one month later which showed some residual duodenal 
deformity. A third study six months after injury showed an 
apparently normal duodenum without deformity. 

Case No. 3. A 10-year-old male was admitted to the Cincin- 
nati General Hospital on October 30, 1971, with a history of 
having fallen 30 feet from a building to the ground. He was ad- 





Fic. 4. Complete duodenal obstruction in case number one by 
intramural hematoma (arrow). " 
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mitted on the day of his injury. He was conscious but confused, 
and had no abdominal complaints. He had vomited prior to admis- 
sion to the hospital. Associated injuries included cerebral con- 
cussion and a right parieto-occipital skull fracture. On admission 
his blood pressure was 104/60, pulse 70, temperature 98.6 F. 
His abdomen showed evidence of slight tenderness and the bowel 
sounds were hypoactive. Rectal exam was negative. His hema- 
tocrit on admission was 35%, white count 17,300, serum 
amylase was normal, and bilirubin was 1.2 mgm $ the day after 
admission. Platelets were described as adequate. Plain films of 
the abdomen showed a prominent gastric bubble with moderate 
gastric dilatation. A hypaque upper gastrointestinal series showed 
complete obstruction to passage of the contrast material from 
tte stomach, and no perforation (Figure 7). An intravenous pyelo- 
gram was normal. Abdominal paracentesis was done and was 
negative, He was treated conservatively with a nosogastric tube 
and intravenous fluids for four days after which he was able to 
take a diet adequately. A repeat upper gastrointestinal series on 
November 4, 1971, five days after injury, was interpreted as 
normal with the restrospective interpretation of the initial upper 
GI as severe pylorospasm (Fig. 8). 

Case No. 4. A 5-year-old male was evaluated at the Cincinnati 
General Hospital on April 22, 1971, after having been involved 
in an auto accident that day. He complained of right upper 
quadrant pain and had vomited prior to admission. No other 
injuries were evident. On abdominal exam there was moderate 
right upper quadrant tenderness, especially when he was lying 
on his back. His bowel sounds were decreased. Plain x-ray films 
of the abdomen showed moderate gastric dilatation, and an upper 
gastrointestinal series showed persistent narrowing of the third 
portion of the duodenum and the “coiled spring sign." Unfortu- 
nately, a surgical consultation was not obtained. His vomiting 
did not recur, and his abdominal pain subsided over a two-day 
period. 

Case No. 5. An 8-year-old female was admitted to the Cincin- 
nati Children's Hospital on May 22, 1970, with a history of falling 
on the handle of a bicycle four days prior to admission. The 
development of anorexia for two days was followed by vomiting 
of gastric content for two days prior to admission. There was 
evidence of bile in the vomitus. The temperature was 100 F, blood 
pressure 120/70, pulse 120, and respirations 24. 





Fic. 5. Resolution of the obstructing hematoma in case one 11 days 
postoperative and 13 days post injury. 
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Fic. 6. Nearly complete duodenal obstruction in case number two 
beginning at bulb (arrow) and extending well into the third por- . 
tion. Second arrow points to “coiled spring sign.” 





Fic. 7. Hypaque study showing complete gastric outlet obstruction 
mistakenly diagnosed as a duodenal hematoma in case number 
three. 
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Fic. 8. Repeat study four days later in case number three showing 
normal pyloris, duodenal bulb and sweep. 


Abdominal examination revealed a contusion in the right upper 
quadrant with no distention. The right upper quadrant was 
tender, the liver edge was palpable, and the bowel sounds were 
hypoactive. White count was 15,500 with 92% polymorphonuclear 
leucocvtes, hematocrit 4277, serum amylase on admission was 
792 with a decline to 157 four days after admission. The bilirubin 
was 1.4 mgm %. Plain films of the abdomen were unremarkable. 
A upper gastrointestinal series showed complete obstruction of 
the first portion of the duodenum by a duodenal hematoma. She 
was treated with nasogastric suction and intravenous fluids for 
five days and then she tolerated a gradually progressive diet. Simi- 
lar studies two weeks later showed resolution of the hematoma. 


Discussion 


The clinical recognition of obstructing forms of intra- 
mural duodenal hematoma has been a relatively recent 
development in the care of the trauma patient. The 
completely obstructing hematoma remains an infrequent 
event, but it is likely that many patients suffer this in- 
jury to some degree in major blunt trauma. Obviously 
all intramural duodenal hematomas are not obstructing, 
and many may be of such small size that symptoms are 
minimal as in Case No. 4. The diagnosis of such lesions 
will remain very infrequent unless more aggressive use 
of contrast radiography is used in the upper gastroin- 
testinal tract in traumatized patients. 

The symptom complex in this series of patients has 
uniformly been one of mild to moderate abdominal pain 
beginning after blunt trauma to the abdomen. This 
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pain steadily progressed in severity in some patients to 
the point that medical attention was sought on the day 
of injury. In others the pain remained mild or subsided 
somewhat only to exacerbate davs later. Conspicuously 
absent was the totally symptom free interval previously 
described in the tvpical picture of intramural duodenal 
hematoma.” While a period of relatively mild symptoms 
frequently did occur, nearly all the patients had pain 
persistently after the injury. Diagnostic consideratión of 
this lesion should not depend on a symptom free interval 
but rather one of relatively mild symptoms as outlined 
above. 

The physical findings consisted of abdominal tender- 
ness in the epigastrium or right upper quadrant of vary- 
ing intensity. Involuntary guarding was not seen al- 
though voluntary guarding was frequent. Although Kirk- 
patrick? reported that an epigastric mass was usuallv 
present, this finding was not recognized in our patients. 
It would seem that a palpable mass would depend on the 
size of the hematoma, as well as the surrounding inflam- 
matory response. 

The blood loss as reflected by the fall in hemoglobin 
or hematocrit levels was not great and was usually less 
than 1 gm% or 3-54. 

Hyperamylasemia was encountered in only a small 
number in this series although Izant et al.* reported in- 
creased amylase levels in all patients in their experience. 
In view of the close anatomic relationship of the pan- 
creas and the duodenum, a fairly frequent associated in- 
jury must be considered, however. 

The question of the presence or absence of an intra- 
mural duodenal hematoma should lead the surgeon to 
the use of contrast radiography of the upper gastroin- 
testinal tract, using either water soluble contrast media 
or thin barium suspension, depending upon the circum- 
stances of the individual case. The finding of partial or 
complete duodenal obstruction associated with thick- 
ening of the mucosal folds as manifested by the "coiled 
spring sign"? or the "stacked coin sign”!® confirms the 
diagnosis. It should be kept in mind that children may 
experience marked pylorospasm which can simulate me- 
chanical obstruction of the first portion of the duodenum. 
The signs of thickened mucosa are absent under these 
circumstances. 

Most authors have indicated the desirability of opera- 
tive therapy of the intramural duodenal hematoma.!*: 
4-6,8,11,13,14 There are several questions to that approach. 
Jones et al. described the operative findings in a well 
illustrated paper in which the impression was given that 
the intramural duodenal hematoma was easily extracted 
from a loculated arrangement. Our experience with a 
small number of cases operatively treated and with a 
large experience in handling penetrating duodenal 
wounds has been that the intramural duodenal hematoma 
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may be a diffuse infiltrating hemorrhage, with some 
loculation in the submiticosal area but with such disten- 
sion, discoloration, and edematous change in the muscu- 
Jar wall that viability; may be questionable to the ob- 
server. As testimony t the ‘difficulty that mav thus be 
encountered, Moore and Erlandson?! reported the use 
of a pancreaticoduodenectomy for intramural duodenal 
hematoma when the viability of the bowel was suspect 
by intraoperative observation in a mildly hemophiliac pa- 
tient. ! | 

As further evidence of this problem, Freark? justified 
the addition of a gastrojejunostomy to the operative man- 
agement of a patient with intramural hematoma on the 
basis of the possibility of persistent obstruction, as well 
as some uncertainty as to the capability of the bowel 
‘wall to repair itself. On the basis of our experience, the 
addition of a gastroenterostomy has seemed to be an 
unnecessary hazard. In addition, others have reported 
dysfunction of the gastroenterostomy.*?5 

Concern for the possibility of overlooking a duodenal 
perforation has also been considered as justification for 
operative management of patients with a intramural 
duodenal hematoma. In our employment of the non- 
operative management, we have included active diag- 
nostic efforts to rule out perforations or lacerations of 
the duodenum by the use of plain abdominal x-ray films 
for evidence of free gas in the peritoneum, spot films 
of the duodenal sweep for evidence of retroperitoneal 
gas, and the use of early upper gastrointestinal examina- 
tions with water soluble contrast material. 

In addition, we have found peritoneal lavage to. be 
helpful, particularly if the lavage fluid was carefully 
.analyzed for,the presence of bile, bacteria, vegetable 
fibers, and elevated leucocyte counts. — . 

Thus we have been able to successfully employ the 
non-operative plan of surgical management in patients 
in whom the diagnosis of intramural duodenal hematoma 
has been established by a combination of clinical, lab- 
oratory, and radiographic examinations which excluded 
the possibility of duodenal perforation. Under this plan, 
relief of obstructive symptoms has been obtained in in- 
tervals no longer than seven days after hospitalization 
during which the patients were placed on a regimen of 


DISCUSSION 


Dr. Mark M. Ravircu (Pittsburgh): The basic criterion for 
the non-operative treatment of a condition that may be consid- 
„ered surgical is superiority to the operative treatment. The diag- 
Y nosis here is not in question, as it frequently is with the non- 

operative treatment of diverticulitis, or acute cholecystitis, or 
whatever, because it can be made very definitely. The operation, 
however, is such a small one. All one needs to do is incise the 
serosa over the hematoma and allow the blood to be evacuated, 
and the condition is so dramatically relieved that it remains to be 
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nothing by mouth. Long term obstructions or strictures 
of the duodenum have not occurred. 

In view of the satisfactory results thus obtained, this 
course of conservative therapy is recommended in pa- 
tients with a secure diagnosis of intramural duodenal 
hematoma in whom no additional injuries requiring lap- 
arotomy are identifiable. 
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seen whether the non-operative treatment is, in fact, superior; and 
there are a few reports of late strictures resulting from organiza- 
tion of the continuing but unrelieved blood elot. 


Dr. WiLLiAM R. Drucker (Charlottesville): Several years ago 
Dr. Robert Izant and I published a paper on the non-operative 
treatment of duodenal hematoma in children. The major cause of 
this injury that we discovered is from bicycle accidents. With the 
increasing growth of the use of bicycles, and the decreasing use 
of cars, we might be aware that this is a not uncommon problem 
as a child or an adult falls from a bicycle. The handlebars strike 
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the upper abdomen, and this is sometimes an overlooked problem. 
— We found, in reviewing our patients, the sign demonstrated by 
Felson and associates in Cincinnati to be invaluable in managing 
these patients. 

Over subsequent years our paper has been taken to task by 
Mark Ravitch. and associates because the operative treatment is, 
truly, quite simple in treating the intraduodenal hematoma. 


Dr. WILLIAM A. ALTEMEIER (Closing discussion): Mark Ravitch 
has pointed out that non-operative treatment should be based 
upon superior results, I think that conservative or non-operative 
treatment must be considered any time we can do so safely, with 
less morbidity, less mortality, and less cost. 

As to the surgical evacuation of the hematoma being a small 
operation, this often is not so. In some of the patients that we 
have had, the extravasation of blood has been largely into the 
wall of the duodenum, being not localized and not easily excised. 
In addition, there is a report in the literature in which the ap- 
pearance of the injury to the wall was so bad and so diffuse that a 
pancreaticoduodenal resection was done. Some of our patients who 
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were operated upon had similar diffuse damage, and these injuries 
subsided spontaneously. 

There has been a curious delay in emptying of gastroenteros- 
tomies done in some patients found at operation to have marked 
obstruction and whose hematoma for one reason or another was 
not removed. Repeated operations have then become necessary. 

Reference to the papers of Doctor Drucker and Doctor Izant is 
included in our manuscript. It was in favor of the conservative 
management of these patients under circumstances similar to those 
which we have reported today. 

How long does the obstruction last? The obstruction in this 
group of patients has been generally relieved within five days, 
and many of these patients could be put on a diet within that 
time. There has been no stricture evident either on the basis of 
clinical symptoms or radiographic study. 

As far as I know from my radiologic colleagues, this lesion of 
intramural duodenal hematoma appears spontaneously only in the 
presence of anticoagulant therapy. I would suspect that patients 
with hypertension or other coagulation factor deficiency could 
develop this spontaneously. 


Respiratory Complications in Acute Pancreatitis 


JOHN H. C. RANSON, B.M., B.Ch., JAMES W. TURNER, M.D., 


Respiratory complications were reviewed in 116 patients 
with acute pancreatitis. Forty patients (Group A) were 
treated before, and 76 patients (Group B) after a report 
advocating albumin and diuretics for these patients. Arterial 
pO, fell below 71 mm Hg in 52% of patients during the 
initial 48 hr. In 114 patients surviving over two days, clini- 
cally apparent respiratory complications occurred in 33 
(29% ) and were more common in patients with early Pao, 
< 66 mm Hg (53%), age > 55 years (65% ), admission 
serum amylase > 1,000 S.U.% (50% ), initial 48 hr serum 
calcium < 8.5 mgm % (62% ), fluid sequestration > 4,500 
ml (51% ), or early operation (70% ). Clinical respiratory 
complications occurred in 31% of Group A and 28% of 
Group B. In Group A assisted ventilation was required in 
21% for a mean of 14.8 days and 23% died. By contrast, 
in Group B, 9% required assisted ventilation for a mean of 
8.6 days and 5% died. Frequent early hypoxia in pan- 
creatitis necessitates close blood gas monitoring. Clinical 
respiratory complications were related to early hypoxia, 
laparotomy, age, fluid sequestration, serum amylase and 
calcium levels. Morbidity may be reduced by treatment with 
albumin and diuretics. 


LINICAL AND RADIOGRAPHIC STUDIES of patients with 
C acute pancreatitis have documented the frequent 
occurrence of pleural effusions, pulmonary infiltrates and 
atelectasis.®.14.15,24,27,29,41,49 More recently, acute respira- 
tory insufficiency in the absence of obvious clinical or 
radiographic pulmonary signs has been recognized in 
these patients.???5 An earlier report?? based upon arterial 
blood gas measurements, indicated that clinically occult 
respiratory impairment is a frequent and potentially 
lethal feature of the initial phase of acute pancreatitis. 

In 1971, Kellum?* advocated the administration of 
albumin and diuretics in the management of respiratory 


y failure secondary to pancreatitis. The present study ex- 
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tends previous observations on early respiratory insuf- 
ficiency, examines factors associated with clinically or 
radiographically evident pulmonary complications and 
reviews the efficacy of treatment with albumin and di- 
uretics in these patients. 


Materials and Methods 


Patient Population 


One-hundred-and-sixteen patients with acute pan- 
creatitis admitted to New York University and Bellevue 
Hospitals between April, 1971 and March, 1973 have 
been studied. In 29 patients the diagnosis was proven 
at operation or at autopsy. In 87 patients, it rested upon 
the overall clinical picture, hospital course and elevated 
serum amylase levels. Radiographic examination of the 
upper gastrointestinal tract and biliary tree was in- 
cluded in the evaluation of most of these patients. There 
were 93 men and 23 women. Their mean age was 42 
years, with a range of 19 to 92 years. Pancreatitis was 
associated with alcoholism in 89 and biliary tract dis- 
ease in 15 patients. It occurred post-operatively in five 
and was idiopathic in seven patients. No previous docu- 
mented attacks of acute pancreatitis had occurred in 69 
patients. One such episode had occurred in 24 and more 
than one such episode in 23 patients. 


Evaluation 


Arterial blood gas determinations during spontaneous 
respiration on room air were recorded in 85 patients 
within 48 hours of admission or diagnosis. They were 


performed using freshly drawn heparinized blood which 
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was obtained prior to operation and anesthesia except in 
patients with post-operative pancreatitis. 

Chest radiographs were obtained initially in all pa- 
tients and thereafter as indicated by the clinical findings. 

Fluid “sequestration” during the initial 48 hours of 
therapy was estimated by subtracting the measured uri- 
nary, nasogastric and other drainage from the volume of 
fluid administered intravenously. 


Management 


Initial management consisted of nasogastric suction, 
intravenous fluid administration and antibiotics in all 
cases. In most patients, an indwelling urethral catheter 
was placed to allow close monitoring of urine output, 
and central venous pressures were regularly recorded. 
A mean of 16% of the intravenous fluids administered con- 
sisted of colloid solutions or blood. Anticholinergics were 
not routinely employed. Laparotomy was carried out dur- 
ing the initial seven days of illness in 23 patients, usually 
because of uncertainty about the diagnosis. 

In December, 1971, Kellum and his colleagues?? advo- 
cated the intravenous administration of albumin con- 
centrates and diuretics in the management of patients 
with pulmonary insufficiency associated with acute pan- 
creatitis. Forty patients from the present series (Group 
A) were treated before and 76 (Group B) were treated 
after this presentation. One patient from each group 
died within the first two hospital days. Thirteen of the 
surviving 75 patients in Group B were treated during 
the initial five days of illness with albumin, 25-75 gm per 
“day and furosamide, 20-80 mg per day because of pro- 
gressive arterial hypoxemia. 


Results 
Early Respiratory Insufficiency 


During the initial 48 hours of treatment, arterial blood 
gas measurements in 85 patients documented a fall in 
Pao2 below 76 mm Hg in 59 (69%), below 71 mm Hg 
in 44 (52%) and below 66 mm Hg in 32 patients (382). 
Most patients with early hypoxemia showed evidence of 
hyperventilation with variable tachypnea and a mild 
respiratory alkalosis. However, clinical evidence of 
respiratory failure was usually not obvious and only nine 
patients (11%) had radiographic evidence of respiratory 
complications at this time. 

Early arterial hypoxemia was more frequent in pa- 
tients experiencing their initial attack of acute pan- 
creatitis. Arterial p0» fell below 76 mm Hg in 76%, and 
below 66 mm Hg in 46% of such patients. It fell below 
76 mm Hg in 57% and below 66 mm Hg in 26% of those 
with a history of one or more documented previous at- 
tacks. 

The occurrence of early hypoxemia could not be re- 
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TABLE 1. The Relationship is Shown of Early Arterial Hypoxemta 

lo Mean (45S.D.) Age, Serum Amylase, Serum Calcium, Intravenous 

Fluid Therapy, Colloid or Blood Administration, Estimated Fluid 
Sequestration and Overall Mortality. 


Lowest initial 48 Hour Pao; 


>66 mm Hg <66 mm Hg 
Number of Patients 53 32 


Mean Age (years) 40.1 2 14.3 46.2 415.1 . 
Mean Admission Serum Amylase e 
(Somogyi Units %) 1111 + 1255 1147 + 1241 


Mean Initial 48 Hour Lowest Serum 


Calcium (mg %) 9.1+1.2 8.9 + 1.0 
Mean Initial 48 Hour IV Fluid ' 

Administered (ml) 8641 + 2231 8252 + 2320 
Mean Initial 48 Hour Colloid as i 

Percent of IV Fluids 16.0 += 13.7 15.4 + 8.9 
Mean Initial 48 Hour Estimated 

Fluid Sequestration (ml) 4586 + 2061 4639 + 2148 
Per cent Mortality 9.4 A 


lated to the etiology of the pancreatitis and was seen in 
patients with otherwise mild disease. Table 1 summarizes 
the relationship of early hypoxemia to age, admission 
serum amylase, the lowest serum calcium ‘during the 
initial 48 hours, and the volume of fluids -administered 
intravenously, the proportion of these fluids which con- 
sisted of colloid solutions or blood and the estimated 
fluid sequestration during this early period. There was 
no significant relationship between. early hypoxemia and 
any of these features. Although large volumes of intra- 
venous fluid were administered to these patients, clinical 
or radiographic evidence of frank pulmonary edema was 
not noted and the mean volume of fluid administered was 
slightly lower in patients who developed early hypoxemia 
than in those who did not. 

Two patients died during this phase of their illness. 
Each gave a history of one previous episode of acute 
pancreatitis. In one, who has been previously reported,?? 
death was due to progressive arterial hypoxemia which 
was documented, but tragically, was untreated. This 
patient was a 32-year-old chronic alcoholic man admitted 
with abdominal pain and vomiting and a serum amylase 
of 300 Somogyi units %. He had only moderate abdominal . 
signs and his serum calcium level was 10.4 mg %. His 
admission respiratory rate was 28 per minute and arterial 
blood gas values were pH, 7.63; Pos, 83 mm Hg; and 
Pcos, 19 mm Hg. Physical and radiographic examination 
of his lungs were normal. By the second hospital day his : 
abdominal findings had improved markedly, but arterial 
blood gas measurements documented a fall in Pao2 to 
57 mm Hg. Shortly after this measurement, the patient: 
became confused and agitated and cardiac arrest oc- 
curred. Resuscitative efforts were unsuccessful. The sec- 
ond patient came to the hospital late in his illness. Lap- 
arotomy was undertaken to exclude other. diagnoses, but 
he died within 24 hours of admission with a profound, 
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persistent, metabolic acidosis despite vigorous resusci- 
tative measures. Admission Pao2 in this patient was 55 
mm Hg. However, adequate arterial oxygenation was 
maintained with endotracheal intubation and mechani- 
cally assisted ventilation until death. Chest x-ray in this 
patient was also normal. Autopsy examination in both 
patients revealed small pleural effusions, with heavy, 
congested lungs in which there were areas of atalectasis 
and infarction. 

In those patients in whom acute pancreatitis responded 
well to treatment, early respiratory impairment did not 
progress to clinically or radiograpically apparent pul- 


“monary complications. Early arterial hypoxemia. was the 


only pulmonary complication recognized in 37 (65%) of 


_57 surviving patients in whom an arterial p0, below 76 


w mm Hg was recorded, and in 14 (472) of the 30 sur- 


-— Lus 
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viving patients in whom an arterial p0. below 66 mm Hg 
was recorded during their initial 48 hours of treatment. 
In these patients, respiratory function improved over a 
5 to 7 day period, following treatment of their underlying 
pancreatitis, together with the administration of oxygen 
by face mask or nasal catheter, respiratory physiotherapy, 
careful observation and close monitoring of arterial blood 
gas values. Four such patients were treated with albumin 
and diuretics. | 


Clinically or Radiographically Apparent Respiratory 
Complications 


One-hundred-and-fourteen patients survived more than 
two days following admission. No respiratory complica- 
tions other than early hypoxemia were recognized in 


81 (71%), (Group I). Clinically or radiographically ap- 


‘parent pulmonary complications occurred in 33 (29%), 


(Group II). Pulmonary infiltrates were present in 30 and 
pleural effusions in 19 patients. Elevation of the dia- 
phragm and minor basal atalectasis on chest radiograph 
were not analysed. 

In six patients, respiratory complications were mild, 
consisting of small pleural effusions or parenchymal in- 
filtrates which did not contribute significantly to the 
overall hospital morbidity. In three patients in this 
group, the only abnormalities were small pleural effu- 
sions. 

In twelve patients, respiratory complications were mod- 
erately severe. They contributed significantly to hospital 
morbidity, but did not necessitate mechanically assisted 
ventilation. Eleven of these patients required treatment in 
the intensive care unit for 5 to 60 days (mean 15.5 days). 
Two patients died, but in neither case could death be 


r related to pulmonary complications. 
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In fifteen patients, severe pulmonary complications 
occurred which required endotracheal intubation and 
assisted ventilation for periods of from 5 to 25 days 
(mean 11.9 days). Eleven of these patients (73%) died. 


RESPIRATORY COMPLICATIONS 
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A myocardial infarction and cerebrovascular accident 
were responsible for the deaths of two patients, age 92 
and 58 years. In the remaining nine patients who died, 
intra-abdominal inflammation was a major feature. Res- 
piratory complications were the immediate cause of 
death in three of these patients, a major contributing 
factor in three and a relatively minor factor in three. 
In general, the occurrence of clinically or radiographi- 
cally apparent respiratory complications reflected severe 
or continuing pancreatic inflammation. The relationship 
of these complications to early arterial hypoxemia, early 
laparotomy and treatment with albumin and diuretics 
are shown in Fig. 1. Table 2 and Fig. 2 summarize the 
relationship of clinical respiratory complications to the 
initial 48 hour lowest Pao2 and serum calcium, age, the 
admission serum amylase, laparotomy within the initial 
seven days of illness, a history of previous episodes of 
acute pancreatitis, and the volume of fluid administered 
intravenously within the initial 48 hours, the proportion 
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Fıc. 1. Clinically and radiographically apparent respiratory com- 
plications are shown relative to the lowest Arterial Po, recorded 
during the initial 48 hours and to early operation in 114 individual 
patients who survived more than two days. The mean lowest Pao2 
is shown in patients with no clinically apparent respiratory com- 
plications and in those who developed mild (no added morbidity), 
moderate (added morbidity) and severe (assisted ventilation) 
respiratory complications. Solid symbols indicate no early laparot- 
omy; open symbols indicate laparotomy during initial 7 days. 
Square symbols indicate early treatment with albumin and diu- 
retics; round symbols indicate no such treatment. A cross (+) 
indicates death. The mean plus or minus one standard deviation 
for each group is shown by cross bars. 
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TABLE 2. The Relationship of Clinically or Radiographically Ap- 
parent Pulmonary Complications to Mean (2:S.D.) Early Lowest 
Paos Age, Serum Amylase, Serum Calcium, Intravenous Fluid 
Therapy, Colloid or Blood Administration, Estimated Fluid Sequestra- 
tion and mortality in 114 Patients Surviving more Than Two Days. 


Clinical or Radiographic Respiratory 


Complications 
Absent Present P 
(Group I) (Group II) Value 
Number of Patients 81 (7195) 33 (29%) — 
Mean 48 Hour Lowest Pao: 

(mm Hg) 713.2 4: 12.4 62.8 4 12.0 «0.001 
Mean Age (years) 40.0 + 12.4 47.7 -: 18.4 «0.02 
Mean Admission Serum 

Amylase (Somogyi 

Units %) 842 + 1018 1625 + 1687 <0.005 
Mean Initial 48 Hour Low- 

est Serum Calcium . 

(mg 95) 9.42:1.0 8.41.1 «0.001 
Mean Initial 48 Hour IV 

Fluid Administered (ml) 7843 + 2135 8955 + 2417 0.1-0.5 
Mean Initial 48 Hour Col- 

loid as Per cent of IV 

Fluids 13.3 zx: 11.5 17.8 4 11.1 0.2-0.1 


Mean Initial 48 Hour Esti- 

mated FluidSequestration 

(ml) 3704 + 2070 
Late Deaths 0 


4922 + 2415 «0.02 
13 (39%) 


of these fluids which consisted of colloid solutions or 
blood and the estimated fluid sequestration during this 
time. 

The mean lowest arterial pO, recorded during the 
.initial 48 hours was significantly higher in patients in 
Group I than in those in Group II. Respiratory compli- 
cations occurred in 16 of 30 (53%) patients in whom an 
early arterial pO; below 66 mm Hg was recorded, com- 
pared with 8 of 53 patients (152) in whom such hypoxia 
was not observed. 

Clinical respiratory complications were more common 
with increased age. They occurred in 65% of patients 
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Fic. 2. The incidence of clinically or radiographically apparent 
respiratory complications is shown relative to early arterial hypox- 
emia, hypocalcemia, admission serum amylase (Somogyi Units %), 
age, estimated early fluid sequestration, early operation and pre- 
vious attacks of acute pancreatitis. 
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over 55 years of age and in 21% of those under 55 years 
old. The mean age of patients in Group II was signifi- 
cantly higher than that of those in Group I. | 

The mean volume of fluid administered intravenously 
during the initial 48 hours was not significantly greater 
in Group II. However, the estimated volume of fluid 
sequestration during this period was significantly greater 
in patients in this group. Clinical respiratory complica- 
tions occurred in 51% of patients in whom early estimated 
fluid sequestration exceeded 4500 ml and in 20% of those 
in whom it was less than 4500 ml. Colloid solutions and 
blood constituted a mean of 13.3% of intravenous fluids 
administered during the initial 48 hours in Group I 
and 17.8% in Group II, but this difference was not 
statistically significant. 

Mean admission serum amylase was significantly lower 
in Group I than in Group II, and clinical respiratory 
complications occurred in 502 of patients in whom an 
initial serum amylase over 1000 Somogvi units percent 
was recorded. During the initial 48 hours, serum amylase 
levels fell towards normal in 69% and rose or remained 
stable in 31% of patients. The occurrence of respiratory 
complications could not be related to the pattern of 
serum amylase change during this period. 

Mean lowest serum calcium recorded within the initial 
48 hours was significantly lower in Group II than in 
Group I, and clinical respiratory complications occurred 
in 622 of patients in whom this value was below 8.5 
mg per cent. 

Laparotomy within the first seven days of illness was 
undertaken in 22 of the 114 patients surviving beyond the 
first two hospital days and clinical respiratory complica- 
tions occurred in 15 (682) of these patients. | 

Clinically apparent respiratory complications occurred 
in 36 and 29% of first and second attacks of pancreatitis 
respectively and in only 4$ of subsequent attacks. | 


Early Treatment with Albumin and Diuretics 


Forty patients (Group A) were treated prior to Kell- 
um's report? advocating the use of albumin and diuretics 
in the management of respiratory insufficiency secondary 
to acute pancreatitis. Seventy-six patients (Group B) 
were treated after this report. One patient from each 
group died within the first two hospital days. Thirteen of 
the 75 surviving patients in Group B were treated with 
albumin and diuretics during their initial five days of 
illness, because of progressive arterial hypoxemia (Fig. 
l). Four of these patients did not develop subsequent 
clinical or radiographic evidence of pulmonary compli- 
cations. The overall incidence of respiratory complica- 
tions in Groups A and B was similar. However, the in- 
cidence of severe respiratory insufficiency, requiring 
endotracheal intubation and assisted ventilation, fell 
from 21% in Group A to 9% in Group B. The mean dura- 
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tion of assisted ventilation was reduced from 14.8 days 
in Group À to 8.6 days in Group B. The mean duration 
of treatment in the Intensive Care Unit for patients with 
clinical respiratory complications was reduced from 21.4 
days in Group A to 11.6 days in Group B, and the overall 
mortality in patients surviving more than two hospital 
days were 23% and 5% respectively (Table 3). 


. Discussion 


Clinical descriptions of patients with acute pancreatitis 
have noted the early occurrence of cyanosis, agitation, 
restlessness, dyspnea or tachynea?!*?* and physical or 
radiographic examination has revealed a high incidence 
of pulmonary infiltrates, atalectasis and pleural effusions 
at some time during the course of the illness.1*:19:25.31,49 


"f^ In the past, many deaths from acute pancreatitis have 


been attributed to shock, and its complications." 44 In 
this disease, as in a number of other acute surgical ill- 
nesses,L*?! improved methods in the management of 
hypovolemia and hypotension and the measurements of 
arterial blood gas values have led to the recognition that 
respiratory failure is one of the most frequent life-threat- 
ening complications.???? 

For purposes of analysis, it is convenient to consider 
these complications in two phases. The first is early res- 
piratory insufficienoy which begins during the initial 
two days of illness and is frequently apparent only by 
arterial blood gas measurements. The second is clini- 
cally or radiographical apparent respiratory compli- 
cations which develop during the overall course of the 
disease. Both phases, however, are probably different 

aspects of the same phenomenon. 


| Early Respiratory Insufficiency 


Impaired respiratory function is a frequent feature of 
the initial phase of acute pancreatitis. In the present 
study, blood gas measurements indicated that some de- 
gree of arterial hypoxia developed in 69% of patients 
during the initial 48 hours of treatment, and the arterial 
pO: fell below 66 mm Hg in 38% of patients during this 
period. In a previous report on the occurrence and prog- 
nostic significance of early respiratory insufficiency in 
acute pancreatitis,?? arterial hypoxemia was recorded in 
only 58% of patients. The higher incidence of early hy- 
poxemia found in the present study is probably related 
to more frequent and regular monitoring of arterial blood 
gas values. 

The most significant features of respiratory insuf- 
_ficiency during this early phase of pancreatitis are its 
insidious onset and frequency in patients with clinically 
mild disease. Many patients had some evidence of hyper- 
ventilation at this time, with a variable degree of 
tachypnea and hypocarbia. However, physical examina- 
tion of the lungs was usually normal and abnormalities 
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TABLE 3. Morbidity and Mortality of Respiratory Complications in 
Patients in Group A, None of Whom Were Treated With Albumin and 
Diuretics, and in Group B, Thirteen of Whom were Treated with 
Albumin and Diuretics During their Initial Five Days of Illness 


Group A Group B 
Total Patients 40 16 
Early Pao; Recorded 21 64 
Early Pao; <66 mm Hg (92) 5 (24%) 27 (42%) 
Deaths Within 2 Days (%) 1 (3%) 1 (1%) 
Surviving Over 2 Days 39 15 
Early Laparotomy (%) 9 (23%) 13 (17%) 


12 (31%) 21 (28%) 
21.4 + 24.6 11.6 + 14.8 


Clinical Respiratory Complications 
Mean Days Intensive Care 


Assisted Ventilation (%) 8 (21%) 7 OF) 
Mean Respirator Days 14.8 + 11.6 8647 
Late Deaths (%) 9 (23%) 4 (5%). 


on chest x-ray were present in only 11%. Although early 
arterial hypoxemia occurred regularly in patients with 
clinically severe pancreatitis and marked abdominal signs, 
it was often seen in patients who did not appear to be 
seriously ill. It was seen most frequently during a pa- 
tient’s first episode of acute pancreatitis but Pao2 values 
below 66 mm Hg were recorded in 26% of patients with 
repeated attacks. Early hypoxemia was not significantly 
related to age. The degree of early hypocalcemia and 
fluid sequestration have been shown to correlate with 
the severity of attacks of acute pancreatitis,’ byt there 
was no significant correlation between these measure- 
ments and the occurrence of early arterial hypoxemia. 
Furthermore, the overall mortality could not be related 
to documented early respiratory failure ( Table 1). : 

Clinical ventilatory function studies reported by 
Gliedman?? during this early phase of acute pancreatitis, 
have demonstrated a decrease in pulmonary compliance 
and an increase in resistance. The experimental studies 
of Bolooki*? have indicated a marked increase in veno- 
arterial shunting, an increase in minute respiratory vol- 
ume and oxygen consumption, and a decrease in the 
lung stability index following the. induction of acute 
pancreatitis in dogs. 

Pulmonary findings at autopsy in the two patients in 
this series who died during the first two hospital days 
were similar to those in previous reports.??** The lungs 
were heavy, congested and showed microscopic evidence 
of atalectasis and infarction. 

In patients with acute pancreatitis which responded 
well to treatment, respiratory function usually improved 
over a 5 to 7 day period. In those with severe or con- 
tinuing pancreatitis, respiratory insufficiency was fre- 
quently progressive. 


Clinically or Radiographically Apparent Pulmonary 
Complications 


Clinically or radiographically demonstrable pulmonary 
complications developed in 33 (29%) of the 114 patients 


562 


who survived more than two days after admission. In 
nine of these patients, abnormalities on chest radiographs 
were apparent during the initial 48-hour period. 

The incidence of clinical respiratory complications 
in the present series of patients is similar to that reported 
in previous studies. Bockus® described physical findings 
indicative of pulmonary complications in 30% of patients 
with acute pancreatitis. Radiographic reviews have docu- 
mented evidence of pulmonary complications in 14.2 to 
09% of the cases.%15,24,29,41,49 Pleural effusions, pulmonary 
infiltrates and atelectasis were seen in 14.2 to 33%15-29.41.49 
and elevation of the diaphragm in 10-2329? of patients. 

Earlier reports have indicated that clinically or radio- 
graphically apparent pulmonary complications correlate 
with the severity of the acute pancreatitis.1*1928 In the 
present study, although the occurrence of early arterial 
hypoxemia was not related to the virulence of the pan- 
creatitis, clinically evident pulmonary complications 
did, in general, reflect severe or continuing disease. 
Twenty-five (762) of 33 patients who developed clini- 
cal pulmonary complications required at least one week 
of intensive care and thirteen (392) died. In two cases, 
severe morbidity appeared to be related directly to 
pulmonary complications without evidence of intra-ab- 
dominal or hypotensive complications. However, in the 
other cases continuing intra-abdominal inflammation was 
a major cause of continuing morbidity. 

The occurrence of clinically evident respiratory com- 
plications was related to age, early hypocalcemia and 
48 hour fluid sequestration (Table 2). These reflect the 
patients pulmonary reserve and the virulence of the 
underlying pancreatitis.5 Clinical respiratory complica- 
tions were usually preceded by early arterial hypox- 
emia. Early arterial blood gases were recorded in 24 
of the 33 patients who developed clinical respiratory 
complications and fell below 66 mm Hg in 16 (672) of 
these cases. 

The adverse effects of anesthesia and laparotomy on 
respiratory function are indicated by the finding that 45% 
of all patients with clinical respiratory complications and 
73% of those requiring mechanically assisted ventilation 
underwent laparotomy within the first seven days of ill- 
ness. This high incidence may be related, in part, to the 
fact that patients coming to early laparotomy had rela- 
tively severe pancreatitis. However, in a small controlled 
trial of early operative drainage in severe acute pan- 
creatitis, the morbidity from respiratory complications 
was markedly increased.in patients undergoing early 
operation3? Either early hypoxemia was documented or 
early operation undertaken in 26 of the 33 (79%) pa- 
tients with clinically apparent respiratory complications. 
Early arterial pO; was not recorded in three of the re- 
maining seven patients. 
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Those factors which have been most commonly impli- 
cated in the pathogenesis of pulmonary complications in 
acute pancreatitis are abdominal distension, pain and 
guarding with retroperitoneal edema and elevation of 
the diaphragm.!*/52535 The frequent occurrence of en- 
zyme-rich pleural effusions has been attributed to pass- 
age of peri-pancreatic fluid through the diaphragmatic 
lymphatics.1*?4291 Such effusions may, in themselves, 
interfere with ventilatory mechanics. 

The infusion of large volumes of intravenous fluid 
during the early resuscitation of these patients may be 
implicated in the pathogenesis of their respiratory prob- 
lems?! However, clinical or radiographic evidence of 


frank pulmonary edema was not noted in any patient - 


during the initial 48 hours, Furthermore, neither the oc- 
currence of early hypoxemia nor of clinical respiratory 
complications correlated significantly with the volume of 
intravenous fluids administered during this initial period. 

A. number of reports have suggested that circulating 
pancreatic enzymes may play a role in the pathogenesis 
of pulmonary complications in pancreatitis.!*?3-25 Schie- 
patti and Vernango* reported pleural reaction following 
the experimental intravenous infusion of lethal amounts 
of pancreatic juice. Zieve** has documented the occur- 
rence of elevated serum levels of pancreatic lecithinase 
in patients with acute pancreatitis. Lecithin is a major 
component of pulmonary surfactant and Morgan? has 
reported that the intravenous infusion of a lecithinase 
prepared from cobra venom resulted in respiratory. dis- 
tress and altered pulmonary surface properties in dogs. 
However, Bolooki,? following the induction of acute ex- 
perimental pancreatitis, found that although there were 
marked changes in ventilatory mechanics, gas exchange 
and the lung stability index, there were no significant 
changes in pulmonary surfactant or in circulating lecithi- 
nase. In the present study, the occurrence of clinical 
respiratory complications was related to the initial serum 
amylase levels. This finding suggests that one or more 
pancreatic enzymes may play a direct or indirect role 
in the pathogenesis of these complications. 

Recently, emphasis has been placed on the role of 
intravascular coagulation and thromboemboli involving 
the pulmonary microcirculation in the pathogenesis of 
the respiratory distress syndrome.* Alterations in co- 
agulation factors have been documented during acute 


pancreatitis!*5 and following the induction of experi-: 


mental acute pancreatitis, fibrin accumulation in the 
lungs has been recently reported by Wardle.? It is 
possible, therefore, that while pancreatic enzymes may 
have a precipitating role in the etiology of respiratory 
complications of acute pancreatitis, the final pathogenesis 
is related to pulmonary microembolism. 
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Whatever the mechanism of pulmonary injury, some 
degree of respiratory impairment is indicated by arterial 
blood gas measurements in most patients with acute 
pancreatitis. Severe or continuing pancreatic inflamma- 
tion is associated with progression of pulmonary damage 
and the development of clinical or radiographic signs. 


Diagnosis 


The recognition of early respiratory insufficiency in pa- 
tients with acute pancreatitis requires not only careful 
physical examination and chest radiographs, but regular, 
objective assessment of pulmonary function during the 
initial phase of the illness. The presence of tachypnea or 
positive pulmonary findings on physical examination and 
chest x-ray may indicate developing pulmonary compli- 
cations, but marked degrees of hypoxemia occur in the 
absence of such findings. Furthermore, potentially lethal 
early hypoxemia occurs in patients with acute pancreatitis 
which is otherwise mild, as judged by the general physical 
status, abdominal signs and fluid requirements. For these 
reasons, arterial blood gas measurements at intervals of 
not less than 12 hours for the first two to three days are 
essential in all patients with pancreatitis for the recogni- 
tion of early respiratory failure and the estimation of its 
severity and its progression. Once recognized, more 
detailed respiratory function studies may be indicated 
to assess respiratory insufficiency and to aid in its man- 
agement.51,36,37 
.. The development of clinically or radiographically ap- 

parent pulmonary complications was preceded by arterial 
blood gas evidence of early respiratory failure during the 
initial 48 hours of treatment in most instances and such 
measurements permit the early institution of appropriate 
therapy. Clinical pulmonary complications are especially 
frequent in the elderly, in those undergoing early opera- 
tion or with early hypocalcemia and marked fluid se- 
questration. In patients exhibiting any of these early 
features, monitoring of respiratory function should be 
particularly close and therapeutic measures instituted 


promptly. - 
Prevention and Management 


Since the pathogenesis of early respiratory insufficiency 
in patients with acute pancreatitis is not clear, specific 
measures aimed at its prevention remain limited. Meas- 
ures which have been applied in the management of the 
respiratory distress syndrome in general may, however, 
prove helpful.1.52: 

In 1970, Skillman*' described improvement in pul- 
monary arteriovenous shunting following the adminis- 
tration af albumin and diuretics in patients with estab- 
lished respiratory failure. The proposed rationale was 
to decrease pulmonary water content by diuresis and an 
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increase in serum oncotic pressure. The value of diuretics 
has been supported by Fleming,!$ and Kellum” has re- 
ported encouraging results following the use of diuretics 
and albumin in patients with respiratory insufficiency 
secondary to pancreatitis. 

In the present series, 114 patients survived more than 
two days. Thirty-nine were treated prior to Kellum's re- 
port (Group A) and 75 were treated after this report 
(Group B). Thirteen patients in Group B were treated 
with albumin and diuretics. In 11 of these patients there 
was an improvement in respiratory status, and in two, 
there was an apparent decrease in the rate of respiratory 
deterioration. In four treated patients, no clinically or 
radiographically demonstrable pulmonary complications 
ensued. Table 3 summarizes the overall morbidity from 
respiratory complications in Groups A and B. The im- 
provement in morbidity and mortality in Group B is 
striking, although albumin and diuretics were not con- 
sistently administered to all patients with evidence of 
severe respiratory failure in this group. Two of the seven 
patients in Group B who had respiratory failure requiring 
endotracheal intubation and mechanically assisted venti- 
lation were not treated with albumin and diuretics. They 
were the only two patients in this group: who required 
assisted ventilation for periods longer than six days and 
both eventually died. 

Other features of management of patients in 'Group B 
may have been improved. Early laparotomy was under- 
taken slightly less frequently and nasogastric suction 
may have been maintained until all evidence of pan- 
creatic inflammation had subsided with greater consist 
ency. Although the overall incidence of respiratory fail- 
ure requiring mechanically assisted ventilation was lower 
in Group B, the early institution of such treatment may 
have contributed to improved morbidity. In addition, 
positive-end-expiratory-pressure was instituted in one 
(12.5%) of eight patients in Group A and three (42.9%) 
of seven patients in Group B who required mechanically 
assisted ventilation and probably contributed to the 
lower morbidity and mortality of Group B patients. Thus, 
while the data in this study support the effectiveness of 
treatment with albumin and diuretics in the management 
of respiratory failure associated with acute pancreatitis, 
other features of respiratory care and the treatment of 
the underlying pancreatitis are of great importance. 

Intravenous fluid requirements in the present series of 
patients were estimated by monitoring the blood. pres- 
SUTE, central venous pressure and urine output. In pa- 
tients with developing pulmonary insufficiency, the intro- 
duction of a balloon-tipped catheter into the pulmonary 
artery and monitoring of the pulmonary artery pressure”? 
may provide a more accurate method for determining 
whether further fluid therapy should be instituted or 
pore agents administered. ioo 
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It has been suggested that the nature of intravenous 
fluid used to resuscitate patients may be related to the 
occurrence of pulmonary complications.1%?° Hypopro- 
teinemia has been implicated in the pathogenesis of pul- 
monary insufficiency”? and Elliot? reported a marked 
improvement in survival of patients with acute pan- 
creatitis when albumin supplements and blood were in- 
cluded in the resuscitative fluids, Experimental evidence 
on the role of colloid solutions in the prevention of in- 
terstitial pulmonary edema is conflicting.!?:39.45946 Blood 
or colloid solutions constituted a mean of 16% of the vol- 
ume of fluid administered in the initial 48 hours in this 
series of patients. No relationship could be demonstrated 
between the colloid proportion of intravenous fluids or 
the absolute amount of albumin administered and the 
occurrence of early arterial hypoxemia. The mean per- 
cent of fluids administered during the initial 48 hours as 
colloid or blood was 13.3% in those who did not develop 
clinical respiratory complications and 17.8% in those 
who did develop such complications. This reflects a 
tendency to give larger amounts of colloid fluids to pa- 
tients with clinically severe disease. Therefore, while 
these data do not support any relationship between col- 
loid administration and the prevention of pulmonary 
complications, they do not exclude the possibility that 
in patients with disease of comparable severity, the ad- 
ministrdtion of larger amounts of colloid would reduce 
respiratory morbidity. 

Other factors which have been implicated in pul- 
monary insufficiency include immobility,*? acid-base dis- 
e turbance,”*48 hypocarbia,! and cerebral hypoxia? Fre- 
quent turning, careful maintainance of acid-base bal- 
ance and vigorous treatment of early respiratory insuf- 
ficiency may decrease morbidity from pulmonary com- 
plications. 

Finally, since the severity of clinically apparent res- 
piratory complications is clearly related to progress of 
the underlying pancreatitis, improved methods of man- 
agement of acute pancreatitis are required. Operative 
drainage of the pancreas in severe pancreatitis as advo- 
cated by Waterman*? and Lawson?? is associated with 
increased morbidity from pulmonary complications. It 
is possible that the removal of pancreatic enzymes and 
exudates by peritoneal dialysis??? or thoracic duct drain- 
age!91? may prove of benefit. Further evaluation of these 
proposed therapeutic measures is, however, required. 

These observations confirm that respiratory insuff- 
ciency is a fréquent early feature of acute pancreatitis. 
It occurs in patients with clinically mild disease and 
in the absence of obvious clinical or radiographic signs. 
Clinically or radiographically obvious pulmonary com- 
plications develop in patients with severe or continuing 
pancreatic inflammation. They are most frequent in 
those who are elderly, or develop marked early hy- 
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poxemia, hypocalcemia, or early fluid sequestration. They 
are exacerbated by early laparotomy. In patients with 
progressive pulmonary insufficiency, the early institution 
of treatment with albumin supplements and diuretics 
may improve morbidity from respiratory complications. 
When required, endotracheal intubation and assisted 
ventilation should be instituted early*?!?" and the use 
of positive-end-expiratory-pressure may be beneficial.?:5.25 
In a subsequent group of 60 patients, managed aceord- 
ing to these principles, respiratory complications neces- 
sitated endotracheal intubation and assisted ventilation 
for more than four days in only two cases (3.32). Early 
laparotomy was undertaken in only one case and there 
was one death (1.7% mortality) which was due to sepsis 
from late pancreatic abscesses. 
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Now, in the light of Dr. Spencer's and Dr. Ranson's report, we 
realize that we were dealing with only the tip of the iceberg, and 
at risk of reiterating a few of the significant points in Dr. apud 
report, I feel that this paper is highly significant in emphasizing 
the importance of blood gas studies eal in illness in patients 
with pancreatitis, showing the high incidence of hypoxemia in a 
clinically occult fashion in .a surprisingly large percentage of 
these cases. 
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I think it’s also significant to emphasize that there is poor cor- 
relation with the severity of the pancreatitis early in its course, 
and that the incidence of serious respiratory complications appears 
to be significantly higher in patients who have the early hypoxemia. 

Furthermore, although their study is not a double-blind study, 
the results clearly support the beneficial effects of the regimen 
of albumin and diuretic therapy in extreme cases. 

I believe that earlier detection of these changes may really 
lead to a major step forward in the care of patients with pan- 
creatitis, and that the performance of blood gas studies early 
in the care of the patient, and that the earlier recognition of 
patients with potential problems—and Dr. Spencer has shown a 
very nice profile of those patients who are vulnerable—may also 
result in a subtle improvement in the relationship between patients 
acutely ill with pancreatitis and the later development of other 
related complications which may be associated with pulmonary 
effects. 

If all of us were to apply these principles in the management 
of patients with pancreatitis early in the course of their disease, 
I suspect that we may, as I say, make a significant step forward 
in the management of these difficult clinical problems. 


Dr. Warp O. GrirFEN, JR. (Lexington]: Although I don’t 
know the pathogenesis of the hypoxemia that is seen in this 
condition, about 13 years ago several of us, working in Dr. 
Wangensteen’s Jaboratory, published some studies on dogs which 
indicated that hypoxemia in the course of so-called interstitial 
pancreatitis—pancreatitis produced by the injection of bile salts 
without rupturing the ducts—increased the interstitial pancreatitis 
and made it fulminant, hemorrhagic pancreatitis. Thus hypoxemia 
in patients who have acute pancreatitis actually may make the 
pancreatitis worse, 

I would encourage everyone to monitor blood gases, early, as 
the authors have stated, and to treat any hypoxemia vigorously 
and effectively. 


Dr. Jonn H. C. Ranson (Closing discussion): With regard 
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to the pathogenesis of the respiratory complications in acute pan- 
creatitis, the finding that there was a correlation in our patients 
between the degree of amylase elevation and the occurrence of 
clinically apparent complications suggests that circulating pan- 
creatic enzymes may play some role in their genesis. 

Lecithin is a major component of pulmonary surfactant. Ele- 
vated pancreatic lecithinase levels have been documented in 
patients with pancreatitis by Dr. Zieve, and Morgan has reported 
that the intravenous infusion of a lecithinase prepared from cobra 
venom may induce changes in pulmonary surface properties and 
respiratory distress. 

However, Bolooki, studying experimental acute pancreatitis, 
found that although there were marked changes in ventilatory 
mechanics and in gas exchange, there were no changes in circulat- 
ing lecithinase or pulmonary surface properties during the early 
phase of pancreatitis. 

In the respiratory distress syndrome in general, attention has 
been focused recently on the role of pulmonary thromboemboli 
in pathogenesis. Histologically, patients and animals with 
acute pancreatitis have been demonstrated to have pulmonary 
thromboemboli. Changes in coagulation are known to occur during . 
the course of acute pancreatitis, and these changes may be 
produced experimentally by the intravenous infusion of pan- 
creatic enzymes. Therefore, one possible explanation is that 
changes in coagulation induced by circulating pancreatic enzymes 
lead to pulmonary thromboemboli, which in turn are responsible 
for the respiratory complications. 

In closing, I'd like to re-emphasize that clinically occult res- 
piratory complications are a frequent finding in patients with 
acute pancreatitis, no matter how mild. This respiratory failure 
may be lethal, as it was in one patient in this series, if it is un- 
recognized or untreated. Progression of pulmorary complications 
should be anticipated in the elderly, those with hypocalcemia, 
marked fluid sequestration, those who undergo early laparotomy, 
or in those who have severe progressive axterial hypoxemia. 
Diuretics, and possibly albumin, may be useful adjuncts in the 
management of these patients. 
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The architectural structure of the endopelvic fascia in both 
inguinal areas has been studied in 20 patients with unilateral 
indirect inguinal hernia appearing after the age of 40 and uni- 
lateral recurrent inguinal hernia appearing at any age. Re- 
gardless of the hernia type, the endopelvic fascia is com- 
pletely absent in the area of frank herniation. Approximately 
half the patients showed gross attenuation and thinning of 
the endopelvic fascia on the clinically normal side. Although 
the fascial defects in all hernia types were identical, the 
structure of peritoneal sacs differed significantly. Hernia sacs 
in primary indirect inguinal hernias were structurally stable 
suggesting a shape established during embryogenesis; peri- 
toneal sacs from all recurrent hernias regardless of the po- 
sition of the epigastric vessels had no structural stability and 
conformed to the fascial defect. Analysis of the epidemio- 
logical, experimental, and operative data suggest that the 
terms direct and indirect hernia have little biological signifi- 
cance. Congenital and acquired hernia seems to be terms 
which more accurately distinguish between the fundamental 
biological processes involved in the development of inguinal 
herniation. Therapeutic considerations can be based on an 
analysis of the biological factors involved. 


I NDIRECT INGUINAL HERNIA appearing first in a man over 
40 years of age or recurrent indirect hernia following 
high ligation of the peritoneal sac by a competent sur- 
geon are not readily explained by failure of the processus 
vaginalis to become obliterated during development of 
the inguinal region or by failure of the surgeon to identify 
and remove a peritoneal sac. Moreover, operative find- 
ings in infants suggest that approximately 40% of males 
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pass into and through childhood with a patent processus 
vaginalis but less than half of these children-develop 
clinically apparent herniation of peritoneal contents.?:19- 
18.15 In some patients, therefore, factors other than a 
patent processus vaginalis must be important in develop- 
ment of an indirect inguinal hernia. Moreover, it is also. 
possible that similar factors also play a role in the etiol- 
ogy of repeated recurrence of direct hernias following 
seemingly adequate reconstruction of the transversalis 
fascia.?-9.14 

Study of factors producing inguinal hernias in rats re- 
vealed that a peritoneal-lined sac alone did not produce 
inguinal hernia under the conditions of the experiment.’ 
Mechanical abnormalities in the muscular sphincter of 
the internal ring or metabolic abnormalities reducing 
structural integrity of endopelvic fascia on the medial 
wall of the internal ring or a combination of both were 
required for intestine to pass into a scrotal sac. Such data 
support the theory that indirect inguinal hernia in some 
patients is not simply the result of a patent processus 
vaginalis. Other factors must be important, particularly 
in late appearance of indirect hernias and in repeated 
recurrence of direct hernias. 

Although the gross anatomical abnormalities present 
in inguinal herniation have been adequately described, 
few controlled observational studies have been per- 
formed. Comparing inguinal wall structures on both sides 
of patients with unilateral herniation should reveal struc- 
tural and biochemical factors contributing to herniation 
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of peritoneum through the abdominal wall. Experimental 
data obtained from studying a rat model suggest that 
transversalis fascia in the medial wall of the internal ring 
might show abnormalities important in the pathogenesis 
of inguinal hernia! In order to extend these observations 
to humans, we designed a protocol comparing gross ap- 
pearance and certain biochemical characteristics of 
transversalis fascia medial to the internal ring on both 
sides of patients with unilateral inguinal hernias. This 
paper reports the gross structural differences observed 
in the transversalis fascia of patients participating in the 
study. Biochemical data will be reported in a subse- 
quent publication. 


Methods 


Patients at the Tucson Veterans Hospital and the Uni- 
versity of Arizona Medical Center were admitted to the 
study if they had either a unilateral indirect inguinal 
hernia appearing after the age of 40 or a unilateral re- 
current inguinal hernia of any kind without obvious 
cause for recurrence (infection, hematoma, early de- 
hiscence, etc.). The decision to use the other side as a 
control required that only patients with unilateral hernias 
be studied. Although metabolic studies on connective tis- 
sue elsewhere in the body might have provided adequate 
biochemical controls and cadaver dissections in patients 
without-a hernia might possibly have provided structural 
controls, our hypothesis was based upon multiple abnor- 
malities (metabolic and/or structural) being required for 
a hernia to develop. Thus, inguinal fascia from the non- 

-herniated side of the same individual seemed the only 
legitimate control if differences responsible for appear- 
ance of a hernia were to be identified. Tissues removed 
for biochemical or biophysical study had to be positively 
identified on both sides for comparisons to be valid. Par- 
ticularly, in patients with recurrent hernias, an approach 
through unoperated upon tissue seemed imperative less 
scar tissue with relatively high turnover of collagen be 
included in the specimen.* Exploration through a classi- 
cal inguinal incision did not seem advisable because 
studies in the rat model suggested that abnormalities 
might be found in transversalis fascia on the medial wall 
of the internal ring.! Positive identification of this tissue 
in exactly the same location on both sides posed difficult 
exposure problems through a typical inguinal incision. 
Finally, a wide view of the entire endopelvic fascia 
seemed desirable because recurrent hernias, in spite of 
adequate repair with local tissue and adjacent flaps, 
probably are the result of an abnormality extending 
over a wider area than inguinal exposure reveals. Such 
considerations made preperitoneal approach ideal in 
many respects. 

Repair of inguinal hernia through a preperitoneal ap- 
proach has not been as reliable for many surgeons as 
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Nyhus and Harkins reported.? In addition to concern 
about being able to repair the hernia adequately, we 
reasoned that removal of even a small fragment of tis- 
sue from the medial wall of the internal ring on the nor- 
mal side might produce an inguinal hernia. Thus, better 
results than recently reported seemed mandatory if pre- 
peritoneal exposure was utilized. For this reason, a com- 
plete reconstruction of the endopelvic fascia by means 
of a large onlay graft was developed to strengthen the 
entire pelvic floor after conventional repair of the trans- 
versalis fascia. Details of this rather complex reconstruc- 
tion and the results in 25 patients over a five-year period 
will be presented subsequently. 

Because preliminary results utilizing the new technique 
were favorable, both inguinal areas of patients in the 
study were exposed through a preperitoneal approach. . 
After entering the preperitoneal space through a single 
transverse lower abdominal incision placed approxi- 
mately two finger breadths above the symphysis pubis, 
the pelvic peritoneum was dissected out of the pelvis and 
retracted superiorly exposing the internal ring and medial 
transversalis fascia on both sides. This maneuver requires 
the dissection and delivery of the peritoneal sac on the 
herniated side. At the completion of the dissection, the 
sac was allowed to assume its natural shape by being 
placed upon a towel. The shape and structural stability 
of the sac were observed and photographed. After exam- 
ining the internal ring on both sides, a photograph was 
taken to show fine structural details in the transversalis 
fascia. Variation in thickness of transversalis fascia and 
relationship of abnormalities in the fascia to the epigas- 
tric vessels were noted. Fascial architecture at the margin 
of defects and the parameter of the internal ring were . 
studied carefully; transitional changes between normal 
fascia and areas where fascia was completely absent were 
noted and photographed. Biopsies of transversalis fascia 
were excised from the edge of the defect on the herniated 
side and from a similar position on the control side. After 
repair of the defect and the biopsy site, suture lines were 
observed for structural strain or attenuation of fascia 
secondary to tension produced by sutures prior to the 
fascial graft. 


Results 


Twenty patients were admitted to the study group. All 
were males and ranged in age from 40 to 65. There were 
four unilateral primary indirect hernias and 16 recurrent 
inguinal hernias. The morphologic observations on the 
herniated side only confirmed previous reports, but the 
architecture of the clinically normal side proved to be 
of major interest. In each patient, the herniated side 
showed a well-defined hole in the transversalis fascia. 
Although the process producing the hole or the mech- 
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anism responsible for enlargement of the defect and 
extrusion of abdominal contents were not evident, our 
observations suggested that structural and metabolic ab- 
normalities were limited to the site of the defect. Mar- 
gins of the defect on the herniated side were definite and 
abrupt; normal appearing fascia was present at the mar- 
gins in all cases. The uninvolved inguinal region in nine 
of the 20 patients appeared grossly normal. The trans- 
verealis fascia- of the inguinal area blended smoothly 
with the transversalis fascia of the abdominal wall and 
no structural differences were noted. In contrast, on 
the clinically normal side, 11 of the 20 patients had 
marked attenuation of endopelvic fascia and significant 
reduction in thickness of connective tissue in the area of 
the internal ring. Moreover, the process clearly was 
medial to the cord ‘and often beneath the epigastric 
vessels. Fascial abnormalities occurred on either side 
of the epigastric vessels and often on both sides. In 
each case, thinning and attenuation of fascia was con- 
fined sharply to the inguinal area. This gross pathologi- 
cal abnormality in the absence of an identifiable hernia 
suggests a metabolic abnormality of connective tissues 
localized to this area. Specimens from the edge of the 
hernia defect and specimens from the attenuated fascia 
are being analyzed biochemically and may expose the 
metabolic defect. Although data are not available, our 
findings suggest that as many as half of our patients 
might have developed a contralateral hernia with time. 

Although the fascial architecture in both recurrent and 
in primary indirect hernias was comparable, the archi- 
tecture of the peritoneal sac differed significantly. In pri- 
mary indirect hernias, the peritoneal sac held its shape 
after removal from the internal ring. The neck and body 
of the peritoneal sac conform to the inguinal ring and 
also maintain their internal architecture regardless of the 
size or shape of external structures. The structural sta- 
bility of the peritoneal sac from primary indirect inguinal 
hernias may have been established during embryo- 
genesis or could be the result of extensive remodeling 
of dense connective tissue. Peritoneal sacs in recurrent 
direct or indirect hernias presented different structural 
characteristics. The sac in patients with recurrent hernias 
seemed to be a passively formed structure lacking in- 
ternal stabilizing structure. Peritoneal protrusions seemed 
merely to conform to the size and shape of the opening in 
the transversalis fascia: Moreover, in patients with mark- 
edly attenuated transversalis fascia but without clinically 
apparent hernia, the peritoneum seemed entirely normal. 
Regardless of the state of attenuation of endopelvic 
fascia, there was no evidence that a similar process was 
occurring in the peritoneum; in no instance was a leadin g 
point or finger of peritoneum invading fascia before the 
fascia actually disappeared. These findings suggest that 


the peritoneum in recurrent hernias is nothing more than 
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a passive space filler and does not induce or contribute 
anything more than a bougienage effect. 

The recurrence of a hernia in one of our early patients 
contributed greatly to our understanding of the forma- 
tion and importance of the peritoneal sac. At initial sur- 
gery, a typical fascial defect resulting in a large recur- 
rent direct inguinal hernia was defined medial to the 
epigastric vessels. The sac, when delivered from the 
defect, did not maintain its shape; it “flowed” into the 
defect and could not be identified as a preformed sac 
once the peritoneum was delivered. As usual, the entire 
pelvic peritoneum was swept out of the pelvis during 
closure of the defect. Although the internal ring was 
larger than normal, there were no peritoneal or intra- 
peritoneal structures protruding into the inguinal canal; 
no indirect hernia sac was present. Because of an identi- 
fiable technical error, the placement of the fascial graft 
around the cord structures was not mechanically accurate 
at the time of repair. Four weeks following his surgery, 
the patient developed pain and observed an inguinal mass 
superior and lateral to the previous hernia. The patient 
was re-explored through a groin incision and peritoneum 
was found protruding into, although not yet emerging 
from, the inguinal canal lateral to the epigastric vessels. 
The peritoneal sac was pushing the anterior wall of the 
inguinal canal ahead of it. According to conventional 
terminology, the patient had a primary indirecf inguinal 
hernia. Although the hernia was lateral to the epigastric 
vessels and within the internal ring, the structure of the 
peritoneal sac and direction of the protrusion were typical 
of a direct hernia. The peritoneal sac was amputated 
and the defect repaited by suturing transversalis fascia 
(graft) to Cooper’s ligament. The previously placed 
fascial graft was identified easily in the site transversalis 
fascia usually is found.' The graft provided abundant 
tissue of excellent strength which was brought without 
tension to Cooper's ligament. Thus, in this patient, failure 
to ligate a peritoneal sac could not have been the cause 
of recurrent inguinal hernia. The herniation, although re- 
current in temproal sense, was primary in the area where 
it occurred and appeared to be the result of an uncor- 
rected structural defect. Technical measures to prevent 
similar occurrences have been devised and will be re- 
ported elsewhere. The biological implications of these 
observations, however, are important. 

Our observations on the structural changes in the 
inguinal region of patients in this study can be summar- 
ized as follows: the transversalis or endopelvic fascia 
was absent when an inguinal hernia was clinically ap- 
parent. Approximately half of the patients had signifi- 
cant structural changes present in the endopelvic fascia 
of the clinically normal side. Gross pathological changes 
included attenuation, thinning, or frank absence of fascia. 
Structural abnormalities were not related to the position 
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of the epigastric vessels. In contrast to the similarity in 
fascial architecture, peritoneal sacs in primary indirect 
and in recurrent hernias of all types differed markedly. 
The neck and body of primary indirect sacs appeared 
precast and retained their size and shape after delivery 
from the inguinal canal. Peritoneal sacs from recurrent 
indirect and direct hernias were formless bags without 
internal stabilization; recurrent and direct sacs conformed 
to the shape of the external environment and did not 
maintain their structural configuration following removal 
from the fascial defect. 


Discussion 


Observations reported in this paper strongly suggest 
that the usual classification of direct and indirect inguinal 
hernia has little biological or therapeutic significance. 
The fascial architecture in all hernias, whether primary 
indirect or recurrent direct and indirect, was identical. 
The only significant architectural differences occurred in 
the structure of the peritoneal sac. The inherent structural 
stability of primary indirect inguinal sacs suggests a 
peritoneal structure established during the development 
of the inguinal region. The absence of form in all other 
hernia sacs suggests that the peritoneum played a minor 
role in development of the hernias. The incidence of 
patent peritoneal sacs in infants and laboratory studies 
in rats Support the concept that the presence of a peri- 
toneal sac alone is not sufficient pathology to produce 
clinical herniation. Based on the biological information 
available, we suggest a new classification of inguinal 

*hernias: congenital and acquired. Although in both 
congenital and acquired types multiple concurrent 
abnormalities must be present before herniation occurs, 
the pathological factors present differ significantly and 
have different therapeutic implications. 

In the congenital type, a patent processus vaginalis is 
always present prior to herniation. If the patent sac 
constitutes the major abnormality, high ligation and re- 
moval of the peritoneal process will correct thé clinical 
abnormality. This seems to be the case in the majority of 
congenital hernias. Patent sacs, alone, however, do not 
lead to herniation in all cases. In some patients, struc- 
tural abnormalities of the internal ring, acquired at- 
tenuation of the transversalis fascia, or abnormal muscle 
function may accompany the congenital defect. This 
seems particularly true in patients developing primary 
indirect inguinal hernias in their middle years. Unless 
steps are taken to correct the concurrent defects, recur- 
rence is frequent. 

In acquired inguinal hernias, the peritoneum seems to 
play a minor role in the development of clinical hernia- 
tion. Our morphological studies suggest the presence of 
a fundamental metabolic defect in collagen metabolism. 
Whether this defect is generalized but expressed only 
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in the inguinal region because of local mechanical fac- 
tors or is truly a local process is unknown. The gross 
fascial abnormalities reported in this paper could result 
from decreased collagen synthesis or increased collagen 
degradation. Whatever the cause, the end result is at- 
tenuation and ultimately absence of endopelvic fascia. 
Our data indicate that the fascial defect can occur with 
equal frequency on either side of the epigastric vessels. 
In patients with patent peritoneal sacs, the fascial ab- 
normality leads to the development of indirect inguinal 
herniation. In patients without patent peritoneal pro- 
cessus, fascial dissolution may result in recurrent indirect . 
or direct herniation. Thus, if acquired metabolic defects 
are present, indirect inguinal hernia can recur in spite 
of adequate ligation and removal of the peritoneal sac. 

Permanent repair of an acquired hernia probably de- - 
pends upon the extent of the abnormal metabolic process. 
If normal fascial tissues can be exposed, conventional 
surgical repair of the inguinal area will be permanent. 
If abnórmal tissue is included in the repair or if the 
basic metabolic abnormality continues in the tissues used 
for reconstruction, recurrence is inevitable. Unfortun- 
ately, there are no simple laboratory tests to delineate 
which tissues have or will develop the metabolic ab- 
normality. Until such tests are developed, the clinical 
behavior of the patients is the only guide to therapy. 
Postlethwaits data demonstrate that inguinal hernias 
can recur as long as 15 years following the initial sur- 
gery. Within six months, all of the technical factors 
under the control of the surgeon should have played their 
roles; recurrence after six to nine months seems more 
likely the result of continuing disease rather than tech- 
nical errors or selection of an inferior procedure. Based 
on the morphological data presented, we now assume 
that recurrent inguinal hernias are the result of a local- 
ized mesenchymal metabolic defect unless a positive 
technical mistake can be identified. Subsequent repair, 
therefore, should include the transplantation of normal 
fascial tissues from other areas of the body. 

Classical inguinal herniorrhaphy performed by compe- 
tent surgeons in cooperative patients solves the prob- 
lem permanently in 962 of primary indirect hernias and 
approximately 70% of recurrent hernias. A continuing dis- 
ease process rather than incompetent surgery may be re- 
sponsible for the high incidence of recurrence. By dis- 
carding the conventional classification of direct and 
indirect hernia and concentrating on a classification with 
greater etiological and biological implications (con- 
genital and acquired), the fundamental biological ab- 
normalities may be identified accurately and useless 
repetition of operative procedures eliminated. For pa- 
tients with recurrent inguinal hernia, creativity and cu- 
riosity may be more important attributes for the surgeon 
than pride and technical expertise. 
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Dr. GILBERT S. CAMPBELL (Little Rock): Dr. Read and Dr. 
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interested for a number of years in connective tissue abnormalities 
in patients developing inguinal herniation. 
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In brief, they have shown that the anterior rectus sheath is thinner 
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Its collagen content is diminished, especially in direct hernia- 
tion. Fibroblasts cultured from the rectus sheath in men with 
inguinal herniation take longer to divide, and incorporate radio- 
active proline less actively than do the controls. 

Purified collagen in the rectus sheath biopsies obtained from 
patients with direct hernia failed to precipitate normally at neutral 
pH, and contained 30 per cent less hydroxyproline than normal. 
Their results will be published, shortly. 

I would have to say that I’m not sure how important collagen 
and some of these ultrastructural organelles are. 


A Technique for Combined Aorto-Femoral-Popliteal 


Aorto-iliac-femoral occlusive disease occurs in a high per- 
centage of patients with lower extremity vascular symp- 
toms. Proximal obstruction must be relieved before any at- 
tempt is made to relieve distal obstruction. Revasculariza- 
tion of the profunda femoris is usually sufficient. When a 
combined procedure is necessary, the vein patch is a useful 
teclinique. 


À RTERIOSCLEROTIC OCCLUSIVE DISEASE of the lower limbs 
A mest frequently involves the common iliacs and/or 
the distal superficial femoral arteries and may progres- 
sively involve the remainder of the arterial system. In 
many cases of proximal obstruction there appears to be 
. à protective effect on the distal arteries. Obstructive le- 
sions of the aorto-iliac segment can be bypassed with the 
distal site of anastomosis in the external iliac or common 
femoral arteries. Lesions of the superficial femoral and 
popliteal segments are generally best treated with a 
saphenous vein bypass. Complete revascularization is 
the ideal result to relieve the occlusive disease involving 
the lower extremities. l 

With a combination of aorto-iliac and superficial fe- 
moral-popliteal occlusion, modifications in the surgical 
approach may be necessary. Morris et al.,? pointed out 
the importance of the profunda femoris artery in the 
management of the patient with combined segmental 
arterial occlusion, in whom complete revascularization 
was not feasible. We have continued to utilize this con- 
cept in our approach and management of extensive com- 
bined occlusive disease: Through the years, however, 
patients with aorto-femoral bypass grafts have had to be 
reevaluated because of recurrencé of symptoms or pro- 
gression of their disease with superficial femoral oc- 
clusion. Additionally, patients with unilateral aorto-iliac 
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disease and/or abdominal aortic aneurysmal disease may 
also have superficial femoral occlusive disease in the 
contralateral superficial femoral artery, requiring proxi- 
mal and distal bypass. 

Continued improvements in the care of the patient with 
occlusive disease and the extension of surgical procedures 
has allowed us to develop an approach for total recon- 
struction in the patient that we feel requires direct flow 
to the popliteal or distal smaller arteries. Our experience 
and the technique utilized forms the basis for this report. 


Material 


Over the past two-and-one-half years, we have op- 
erated on 103 patients with segmental occlusive disease 
involving the aorto-ilio-femoral arterial segments (Fig. 
1). Fifty-seven of the patients had patent superficial fe- 
moral arteries so that restoration of flow was achieved 
by relieving the aorto-iliac obstruction. In 46 patients, 
there was segmental occlusive disease in both the proxi- 
mal and distal artery segments as demonstrated by physi- 
cal examination and confirmed by arteriography. Aorto- 
external iliac or aorto-femoral bypass was sufficient to 
relieve the symptoms associated with arterial insufficiency 
in 20 patients. The remaining 26 patients, however, pre- 
sented the problem of symptoms after relief of the proxi- 
mal obstruction necessitating a secondary procedure ( Fig. 
2). 

The 26 patients requiring a distal bypass to comple- 
ment the proximal bypass ranged in age from 52 to 75. 
The median age was 61. There were only two women in 
this group. In seven patients it was possible to perform 
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SITE OF OBSTRUCTION 


MU 


46 


Patients 





97 


X Patients 


TOTAL: 103 


Fic. 1. Site of obstructive disease in 103 patients. 


the distal anastomosis at the external iliac level posing 
no problem for a femoro-popliteal saphenous vein bypass. 
In two additional patients with an aorto-femoral bypass, 
the profunda femoris was adequate for the proximal 
anastomosis of the femoro-popliteal bypass. 

The remaining 17 patients with continuing problems 
due to distal circulation, unrelieved by restoration of 
flow to the profunda, presented a challenge. 

All 17 patients in this series were evaluated with 
aortography and femoral arteriography to visualize the 
sites of obstruction. When there apeared to be a sig- 
nificant obstruction and/or aneurysmal disease proxi- 
mally from the history and physical examination, con- 
firmed by arteriogram, an aorto-femoral bypass was per- 
formed. An ultra-light knitted Dacron prosthesis was the 
material used to perform the aorto-femoral bypass. 
The femoral artery was the site of the distal anastomosis 
in all these 17 patients because proximal disease pre- 
cluded the use of the external iliac. 

The time interval between the proximal and distal 
bypass varied from several weeks to-over one year (Fig. 
3). In general, only those cases, (Case 5) which had 
proximal contralateral iliac disease or aortic aneurysmal 
disease, were done at less than three to four months. 
The remaining cases with proximal and distal disease 
at the time of the first operation were given a period of 
time to see if increased inflow into the profunda femoris 
would be adequate. Six patients required distal bypass 
over one year following their proximal bypass. This was 
either because of progression of the disease process 
and symptoms, or as a protective safety valve for the 
proximal bypass. 
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Our results confirm that the combined procedure leads 
to a high incidence of success (Fig. 4). Three distal 
bypasses failed. One failed during the postoperative 
period but could not be opened with re-exploration. 
One failure occurred at three months and another at six 
months, both in bypasses to anterior or posterior tibial 
vessels. There were no deaths in the group, nor other 
major postoperative complications. 

In our earlier attempts at distal saphenous vein by- 
passes, we utilized a direct vein anastomosis to the distal 
Dacron limb. The ‘failure rate was high, leading us to 
abandon any efforts at complete revascularization. Utiliz- 
ing the superficial femoral below the Dacron bypass 
presented technical problems as well as the extensive 
disease so frequently common in the proximal superficial 
femoral artery, discouraged this approach. 

Following Linton's? description of the technique of 
applying.a vein patch to the severely diseased common 
femoral artery to facilitate the proximal anastomosis for 
femoro-popliteal bypass, we began to utilize such a 
patch on the Dacron limb for complete revascularization. 


Technique 


At the time of the saphenous vein femoral-popliteal 
bypass, the distal limb of the aorta-femoral Dacron is 
exposed, Adequate control of the graft, common femoral, 
superficial femoral and profunda femoris arteries are 
obtained. The prosthesis is easily dissected by incising 
its outer sheath and freeing the Dacron. Bleeding may 
be encountered as the interstices of the graft are dis- 
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Fic. 2. Relief of proximal obstruction was sufficient in 77 of the 
103 patients. 





574 
3 
6 
Fic. 3. Interval between proxi- 
mal and distal bypass. 
2 
<6 Mo 6-12 Mo. » Yr 
RESULTS 
Fic. 4. Results indicating high 
incidence of success. 
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turbed, but we have never had this be a problem. The 
popliteal or distal tibial artery to be the site of the distal 
anastomosis is prepared. The saphenous vein is dissected 
out in a routine fashion, being sure to remove several 
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Fic. 5. Complete right common and left external iliac occlusion. 
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extra centimeters for the patch. The patient is systemi- 
cally heparinized and the proximal femoral vessels oc- 
cluded. An oval segment of the Dacron is then removed 
for the site of the vein patch. The patch should be 3-5 
cm in length to insure an adequate bed for the vein 
bypass anastomosis. The patch is sutured in place and 
then opened longitudinally and a vein to vein anastomosis 
performed in the usual fashion. It is our practice to then 
place a soft clamp on the vein bypass and restore .flow 
into the profunda femoris while the distal anastomosis 
is completed. 


Case Reports 


Case 1. This 59-year-old white male underwent a bilateral 
aorto-femoral bypass in 1966 for complete right common iliac 
occlusion and left external iliac occlusion (Fig. 5). He subse- 
quently underwent three corrective procedures for occlusion of 
the right limb of the graft, the last of which was in 1971. At the 
time of the third remedial procedure, the cause for failure of the 
Dacron was felt to be occlusion of the proximal profunda femoris 
with a severely stenotic, though patent superficial femoral artery. 





Fic. 6. Stenosis at site of Dacron patch extending onto superficial 
femoral (left) and stenosis at the origin of the only patent ves- 
sel (right). 
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Fic. 7. Arteriogram reveals proximal vessels maintaining patency 
of previous aorto-femoral bypass. 


An endarterectomy of the superficial femoral was performed and 
a long Dacron patch was placed on the superficial femoral as an 
extension of the right limb of the graft. A postoperative arterio- 
gram through the Dacron graft revealed a functioning graft and a 
patent superficial femoral artery, but evidence of stenosis just 
distal to the onlay patch and also stenosis at the origin of the 
anterior tibial artery in the calf (Fig. 6). He did well for several 
months when he again acutely occluded the right limb of the 
graft. At re-exploration, the right limb was re-opened with a 
Fogarty catheter and using the vein patch technique, a femoral- 
anterior tibial bvpass from the graft to the previously demonstrated 
patent anterior tibial artery in the mid-calf was performed. The 
vein bypass was tunnelled along the lateral aspect of the thigh to 
the anterior tibial artery. This has restored a palpable anterior 
tibial pulse. A postoperative arteriogram demonstrated a patent 
long vein graft. 

Comment. This patient repeatedly thrombosed the right limb 
of his graft because of poor run-off at the common femoral level 
which eventually became totally occluded. His profunda was also 
extensively diseased in its proximal segments and likewise became 
totally occluded. Fortunately, his distal anterior tibial artery was 
of good caliber allowing a femoral-anterior tibial bypass to be 
performed. 

Case 2. In 1968, a 58-year-old white male had an aorto-femoral 
bypass graft with resection of an aneurysm of the terminal aorta. 
His symptoms at the time were fatigue and claudication in the 
left lower extremity. The right femoral pulse was diminished and 
the left femoral pulse was absent. Aortogram revealed the occlu- 
sive process and early aneurysmal changes of the abdominal aorta. 
His postoperative recovery was complete and he was asympto- 
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matic for four years. He returned in March of 1973 with symptoms 
of claudication in the left calf and ankle. Pulsations in the bypass 
graft were strong bilaterally. Pedal pulses were present on the 
right, but absent on the left. Arteriogram (Fig. 7) revealed a 
patent Dacron bypass with retrograde filling of the left external 
iliac and occlusion of the common and superficial femoral and 
stenosis at the origin of the profunda femoris. A vein patch was 
applied to the Dacron graft and extended beyond the origin of 
the profunda femoris following a localized endarterectomy. A 
saphenous vein bypass was then performed to the patent popliteal 
artery with the proximal point of attachment to the vein patch. 
Pedal pulses were restored and there has been relief of symptoms. 

Comment. This patient developed combined disease after his 
proximal disease had been treated. The progression of the disease 
also threatened the patency of the proximal bypass by gradual 
occlusion of its run-off. The vein patch applied to the Dacron 
could also be utilized to enlarge the orifice of the profunda to 
insure its patency. 

Case 3. A 67-year-old white male was admitted with a history 
of calf claudication of several years duration, but only a three- 
week history of coolness, numbness, tingling and sensory loss in 
his left foot. Examination revealed early ischemic changes in the 
toes of the left foot with complete obsence of pulses in the left 
lower extremity. There was a palpable femoral pulse on the right 
with no pedal pulses. Aortogram (Fig. 8) revealed extensive 
proximal and distal disease with poor run-off in the extremities. 





Fic. 8. Severe right iliac stenosis along with complete left common 
iliac occlusion. 





Fic. 9. Postoperative arteriogram with severe superficial femoral 
occlusion and profunda stenosis well down the vessel 


"An aorto-femoral bypass and common femoral thrombendarterec- 
tomy were performed without complications. Postoperative femoral 
arteriograms were performed (Fig. 9) which showed the status 
of the distal disease in the leg. The patient continued to complain 
of pain and numbness in the left foot and two months following 
the aortofemoral bypass, a femoro-poplitea! saphenous bypass with 
a vein patch to the Dacron was performed Good pedal pulses 
were restored and symptoms were relieved 

Comment. The history of claudication was felt to be the result 
of the bilateral superficial femoral occlusive disease. The acute 
symptoms were thought to be related to the proximal occlusion. 
Proximal bypass, however, did not completely relieve symptoms, 
necessitating the femoral-popliteal bypass 

Case 4. A 64-vear-old white male with severe claudication in 
both lower extremities, in addition had an ulcer on the right foot. 
Retrograde aortography (Fig. 10) revealed extensive aorto-iliac 
stenosis with bilateral superficia! femoral! occlusion. A bilateral 
aorto-femoral bypass was performed to relieve the proximal occlu- 
sive disease. The claudication was relieved but the ischemic ulcer 
on the right foot would not heal. A femoro-popliteal saphenous 
vein bypass with a vein patch was performed followed by a split 
thickness skin graft to the ulcer. Pedal pulses were restored and 
the ulcer has remained healed (Fig. 11) 

Comment. The extent of the combined disease was such that 
insufficient blood could be delivered through the collateral bed of 
the profunda and geniculates to allow healing of the ulcer 

Case 5. A 57-year-old white male with progressive fatigue and 
claudication of the left hip also complained of claudication in the 
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Fic. 10. Almost complete terminal aortic occlusion with bilateral 
iliac stenosis 


right calf. Physical examination revealed a palpable right femoral 
pulse with a bruit but no pulses below the femoral. Pulses were 
absent in the left leg. There was an abdominal bruit with a small 
abdominal aneurysm palpable. Translumbar aortogram confirmed 
the clinical findings (Fig. 12). It was felt advisable to resect the 
abdominal aneurysm and relieve the left common iliac stenosis. 
Because of the arteriosclerotic condition of the iliac arteries, the 
distal anastomosis was placed at the common femoral. Convales- 
cence was uncomplicated. Three months later he was readmitted 
for continued claudication in the right calf. A vein patch was 
applied to the Dacron patch and a popliteal saphenous bypass 
performed. Pedal pulses were restored and he has done well. 

Comment. In a situation as presented in this case, the proximal 
bypass was necessary even though it was not directly improving 
flow to one involved extremity. 


Discussion 


Strandness? has pointed out that patients with com- 
bined aorto-iliac and femoral occlusive disease may be 


severely incapacitated. Blood flow to the lower leg and „ 


foot must traverse two collateral beds. Relieving proxi- 
mal obstruction with increased flow to the profunda 
femoris will frequently suffice to relieve ischemia and 
symptoms if the degree of obstruction in the superficial 
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is not too extensive. In certain situations, however, com- 
plete restoration of flow to the popliteal level or lower 
is desirable. 

During the early years of vascular reconstructive 
surgery, it was not uncommon to perform an aorto- 
femoro-popliteal bypass in one stage for combined dis- 
ease. The distal Dacron anastomosis was generally above 
the knee and a side to side anastomosis was performed 
between the prosthesis and common femoral artery. With 
the widespread acceptance of the saphenous vein as the 
best conduit below the groin, and the realization that 
below the knee reconstruction to the distal popliteal or 
more distal vessels carried a high rate of success, the 
use of Dacron below the groin was generally abandoned. 

Endarterectomy can be utilized for the well localized 
proximal lesions with excellent long-term results. Advo- 
cates of extensive aorto-ilio-femoral endarterectomy con- 
tinue to utilize the operation for aorto-iliac occlusive 
disease. Most vascular surgeons, however, now feel that 
a well placed bypass graft gives the best long-term re- 
sults. It has been our policy through the years to utilize 
the external iliac for the distal anastomosis of a bypass 
whenever possible. This allows the graft to remain in a 


Fic. 11. Postoperative arteriogram reveals the functioning vein 


bypass. 
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retroperitoneal position, not having to pass under the 
inguinal ligament, and potentially minimizes the risk 
of infection with no incisions in the groin. Dacron grafts 
or Sparks Mandril tubes below the inguinal ligament 
have been used only in those patients with no usable 
vein and a distal anastomosis which can be performed 
above the knee. 

When revascularization of the profunda femoris is not 
sufficient to relieve distal ischemia or distal disease oc- 
curs following the proximal bypass, a distal bypass be- 
comes mandatory. Since our incidence of failure was 
high with the use of the small caliber saphenous vein 
to the Dacron prosthesis, a better method was needed. 
The use of the superficial femoral artery created the 
problem of some form of plastic reconstruction on the 
artery to have a suitable vessel to use. It was on this 
basis that we have incorporated the Linton vein patch 
principle and feel that it offers a reliable method of 
achieving complete revascularization. 

In his efforts to extend the usefulness of saphenous vein 
femoro-popliteal bypass, Linton? devised several methods 
to make the vein or the diseased artery more ideal. One 
of these was the application of a vein patch to the severely 
diseased common femoral artery to which the distal end 
of the saphenous vein is to be attached. This allowed 
the smaller end of the saphenous to be attached to a pli- 
able, distensible vein allowing a better pulsatile How into 
the bypass vein graft. 

Very little has been written concerning the solution 
for combined lower extremity disease. Perdue? states 
that co-existing femoro-popliteal occlusions were some-* 
times corrected in the early part of their series, but in 
recent years the primary procedure has been confined 
to the proximal segment. Gall,’ writing in Thoraxchirurgie 
Vaskulire Chirurgie describes his technique for complete 





Fic. 12. Translumbar aortogram with aneurysmal changes and left 
common iliac stenosis (left). The run-off film shows the right 
superficial femoral occlusion (right). 
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revascularization. At the time of the aorto-femoral bypass, 
he amputates the superficial femoral artery, leaving about 
9-1 cm proximally. At a second operation in five to seven 
days, he attaches the saphenous vein to this superficial 
femoral with an end-to-end anastomosis. He feels that this 
method allows a distal bypass without the risk of expos- 
ing the Dacron at the secondary procedure. This tech- 
nique might have merit, but in our experience the origin 
of the superficial is generally severely diseased, requiring 
some modification of a plastic procedure. Superficial 
femoral endarterectomy complementing the proximal by- 
pass has also been advocated as the solution to the distal 
occlusive disease.$ The incidence of failure with lengthy 
endarterectomies in the relatively low flow superficial 
femoral artery seems too high to advocate its use. 

We concur with the generalization that 80 per cent 
of patients with combined aorto-iliac and femoro-popli- 
teal disease can be relieved of symptoms and ischemic 
changes with aorto-femoral reconstruction. When, how- 
ever, further revascularization is deemed mandatory, the 
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Dn. Jere W. Lorp, Jr. (New York): I think the presentation 
is important in that many advances in vascular surgery have been 
due to technical improvements, and' the use of the vein patch 
described by Linton is one that may be useful to many of us. 

Prior to four years ago we joined the distal end of the aortic 
Dacron prosthesis to the external iliac arteries in order to preserve 
the common femoral vessels for further bypass, if necessary. For 
reasons I do not understand, the common femoral is often a larger 
vessel than the external iliac and it is technically easier to expose 
and to anastomose to the dacron prosthesis. We have used this 
during the last four years without regrets in regard to infection, 
thrombosis or other secondary problems. | 

I think Blaisdell was one. of the original surgeons to suggest 
that it’s better to go to the common femoral for the distal 
anastomosis. | 

Secondly, I'd like to comment upon the reason for our occa- 
sional failures when the vein graft is joined to the side of the 
vein graft is joined to the side of the prosthesis in the groin as a 
femoro-popliteal bypass. Some of the earlier failures you men- 
tioned before the use of a vein patch is that the vein graft some- 
times must go to below the knee. When the saphenous vein is 
removed from the groin to the medial calf so that it will be suf- 
ficiently long to extend to the distal popliteal or tibial arteries, it 
often becomes so small that when the graft is reversed, the proxi- 
mal anastomosis may be accomplished with a vein only 2 to 4 mm 
in diameter. Most of us feel that a graft less than 5 mm in diame- 
ter is not likely to remain patent for a long time. In some instances 
the greáter saphenous is of good size for only a 6-8 cm segment 
and then divides into several small branches. We have used the 
cephalic vein under those circumstances favorably, but, once again, 
this vein is limited in length. dm T | 

Recently, we have employed a technique which may be original 
in the. way the vein graft, after it has been joined to the distal 
popliteal artery, is tunnelled through the popliteal space and 
joined to a dacron prosthesis. The prosthesis is then joined end-to- 
side to the prevously placed aorto-femoràl prosthesis. This has 
worked well in five of six patients so far, over a period of a few 
months. Three of the six have been individuals who had isolated 
popliteal segments that were patént with poor runoff. 
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vein patch principle applied to the Dacron prosthesis 
would seem to offer the vascular surgeon a method to 
achieve complete restoration of flow with a high degree 
of success. | 
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Dr. Cartos Cxavez (Jackson): This is a timely subject, since 
controversies still exist about the one (single) or two (staged) 
procedure in the surgical treatment of aorto-ilio-femoral occlusive 
disease. s 

In our experience at the University and Veterans Administra- 
tion Hospitals in Jackson, Mississippi, we have reviewed the 25 
consecutive cases of aorto-ilio-femoral occlusive disease. One-third 
of these patients did not require further surgery other than aorto- 
femoral bypass. It was obvious at the time of the operation that 
no severe ischemic changes were present or in progress in the 
distal lower extremities in this group. i 

Of the remaining patients of the entire group, ten underwent 
at the same operation, aorto-femoral-popliteal bypass grafting. This 
was either unilateral or bilateral, according to the location and 
the extent of the disease. This procedure was performed in patients 
in whom skin changes were present or in progress. 

The rest of the patients underwent staged procedures, starting 
with an aorto-femoral bypass in the first operation. After vari- 
able periods of time the femoral-popliteal bypass graft was per- 
formed on one or both sides. The initial procedure in this group 
allows filling of the pre-emptied vascular bed, preparing this 
territory for further grafting, if necessary. ` »- ë 

I believe that individualization of cases is of extreme impor- 
tance in this group of patients. The potential occurrence of infec- 
tion, which is enhanced by the insertion of prosthetic material, 
and the considerably longer operative time spent in one stage 
procedure, are important considérations in deciding the conduct 
to follow in these patients. | 


Dr. Georce D. Litty (Miami Beach): Over the years it has 
been my experience that in 18 months to three years most of these 
prostheses occlude and frequently, when they do, the extremities 
which have become almost totally dependent upon them, get in 
real trouble, because the collaterals are not developed. I still think 
we should stick to sympathectoniy as an adjunctive procedure on 
these people. Pus PEE i 

I do sympathectomy frequently as a preliminary procedure, of 
course, not in the iliac things, but the lower extremity ones. They 
get so much relief that they don’t come back for their reconstruc- 
tion. But if they do come back, I feel that they are protected to 
some extent by the increased collateral circulation. And, also, they 
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are protected when and if these prostheses do become occluded. 
It doesn't take long if you do.it at the same time. Of course, if 
you are doing an aortic procedure, you can do it transabdominally. 


~ I do think it is important to do a complete lumbar sympathec- 


tomy, getting L-1, if possible. I would like to point out that, at 
least in my experience, the good effects of sympathectomy con- 
tinue to improve over the years. I have followed some of these 
people for 20, 25, 30 years, and they continue to develop col- 
laterals. They don't run a mile. They may not even dance or play 
golf; but we do preserve their integument, and I think it is a good 
procegure to follow. 


Dr. GroncE Jounson, Jn. (Chapel Hill): On the basis of our 
experience, we would certainly agree with Dr. Edwards in every- 
thing he said. We agree that you should try and limit your aorto- 
iliac by pass graft to the external iliac. We also agree that you 
should, wait and see what happens to these patients before you 
attempt the femoral-popliteal bypass graft. 


In some of the patients with extensive disease we have noted 


increased ischemia in the.extremity immediately following aorto- 


iliac bypass grafts. We have been.unable to identify a technical 
error. I wonder if Dr. Edwards has noted in retrospect any cri- 
teria to identify the patient who is going to subsequently need a 
femoral-popliteal bypass graft. If he could, an immediate bypass 
graft to the distal runoff should be carried out. 


Dr. Owen GwarTuMey (Richmond): Some ten years ago, after 
doing an aortic or iliac bypass graft, placing the graft beneath 
the inguinal ligament, I had several patients who could stand, but 
never sit down, because their legs would become ischemic, due 
to kinking of the vessels. Therefore, I felt that we had to do 
something else in order to prevent this problem. l 
. Most patients who have aorto-iliac disease do have a thickened 
aorta, and also the external iliac is greatly thickened, and will be 
maintained if an endarterectomy is accomplished. On all patients 
that I see with occlusive disease of the abdominal aorta and iliac 
arteries I perform an endarterectomy. I only use a graft if I 
replace a segment because of abdominal aortic aneurysm. At the 
time, if there is disease in the external iliac and the common 
femoral artery, then I usually open the groin and perform an 
endarterectomy, not only of the external iliac and common femoral, 
but the profunda and also the hypogastric. The hypogastric, how- 
ever, usually will have disease that will extend two to three inches 


‘ downward, and no further, and it's amazing the number of patients 


in whom there' is no backflow at all, and once you have done an 
endarterectomy there's a good backflow. As a result, you have an 
increased blood supply not only through the hypogastrics, but you 
have it through the profunda. We also do a combined sympathec- 
tomy with any patients who have disease of the superficial femoral 
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and popliteal arteries, and ‘it’s very rarely that we have to go back 
and perform another procedure, such as a bypass graft. | 
. On the occasions that we have had to do it, the endarterec- 


tomized segment of the common femoral artery holds the vein 
graft sutures well, and we have had no trouble with it. 


Da. WiLLIAM H. Epwarps (Closing discussion): Dr. Gwathmey, 
I have often wondered why we don't see more kinking of.the 
distal bypass when.it is attached to the common femoral artery 
below the inguinal ligament. 1 always try to get it as high on the 
common femoral as I can, hopefully to prevent that problem. I 
have never had it in any of my. patients. : 

I try not to do blind endarterectomies, of the profunda par- 
ticularly, and of the hypogastric. I have had some disastrous ex- 
periences with the tearing of the distal vessel with blind en- 
darterectomies. I try not to do that. “2 

In answer to Dr. Johnison’s question, I'm not sure I know the 
answer, but I think that I see the same problem with distal occlu- 
sion after the proximal occlusion of the aorto-iliac segment in 
people with severe combined disease, and it is my feeling that it 
is in those patients with severe distal disease that, when you 
occlude their proximal segment and cut off the flow in their col- 
laterals, these are the patients that are going to thrombose their 
distal vessels. 

For a good many years, with my surgical background in -vascu- 
lar surgery, I didn’t systemically heparinize patients. I have sub- 
sequently come to this technique, and one of the reasons is because 
of some of the distal occlusions occurring with severe combined 
disease; and proximal disease, in having to occlude. the aorto-iliac 
segment. l I 
_ Dr. Lilly, I certainly appreciate your comments. I would like to 
think that all my bypasses stay open, but I would have to admit 
they don't. I would have to also say that I am extremely interested 
in bypasses and how they stay open. In the past six months I have 
been vitally interested in that. The sympathectomy, I think, is a 
good procedure. I use it in people with severe distal disease— 
small vessel disease. This is the time in which I will either com- 
bine it with aorto-femoral or at the time of femoral-popliteal, and 
all lumbar sympathectomy. 

I appreciate Dr. Chavez bringing his experience to us. 25 

Dr. Lord, I appreciate your comments. There are many times 
when I do an external iliac bypass, and the distal anastomosis at 
the external, that I wish I hadn't, because it is a difficult anasto- 
mosis at times. You are standing on your head, and the exposure 
is not good, and it does become difficult. Your description of 
carrying of the Dacron into the thigh and then the vein more 
distally, Y think, is very interesting. I think we would certainly 
like to hear a followup on this later. 


Hypertension and Renin in Human Renal 


Transplantation 


JOHN C. McDONALD, M.D., MORRISON C. BETHEA, M.D., 


Hypertension in renal transplantation patients is a common 
and complex process. In patients with kidneys damaged by 
the rejection process areas of ischemia occur which cause 
the release of renin which produces hypertension. High 
renin levels trigger the release of aldosterone which leads 
to the hyponatruria so consistently seen during acute rejec- 
tion episodes. In such patients there is an inverse correlation 
betweene renin and creatinine clearance, as well as an in- 
verse correlation between renin and U,,V. In patients with 
more stable renal function hypertension is likely to be re- 
lated to salt and water metabolism. A few patients were ob- 
served who are normotensive in spite of elevated serum 
renin, which implies that they were for some reason unre- 


sponsive to the hormone. 
H YPERTENSION IS A COMMON PROBLEM in transplanta- 
tion patients. Its severity as well as its duratien 
varies widely. It is known that hypertension in patients 
on dialysis for chronic renal failure is usually a function 
of salt and water retention and occurs in the absence 
of elevated renin levels although there are occasional 
exceptions." Conflicting data have been recorded con- 
cerning the relationship of serum renin to the hyper- 
tension observed in patients with renal transplants. In 
view of the known ischemia associated with rejection 
and the relationship between renal ischemia and renin 
release, there seemed sound teleologic reason to expect 
transplantation hypertension to be related, in part, to 
renin activity. 
The data presented in this paper are part of a larger 
study of hypertension in process in the New Orleans 
area.’ We have made random as well as sequential de- 
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terminations of serum renin in 35 renal allograft re- 
cipients. These data have been correlated to the state 
of renal function, blood pressure, urinary sodium and 
allograft rejection. 


Materials and Methods 


Patients from the Transplantation Service of the 
Charity Hospital of Louisiana were studied. Twenty-five 
were selected at random while ten were selected for 
study because of hypertension or rejection, or both. 
A total of 113 renin determinations were performed; 48 
were obtained from 25 patients chosen at random, and 
65 were obtained from ten patients found to have hyper- 
tension, rejection, or both. Renin determinations were 
obtained 16 times on one patient, and seven times on 
two additional patients. The remaining 32 individuals 
were studied from one to five times. Renin bioassay 
was performed according to the method of Gould.‘ Re- 
sults are reported as Goldblatt units (GU); 1.5 x 10% 
GU/ml represents the upper limit of normal in this 
laboratory. 


Diets varied widely among patients depending upon 
their state of renal function and blood pressure. 


Blood sampling ordinarily was done on hospitalized 
patients before breakfast. Sampling on outpatients was 
done after breakfast. Frequently these patients had 
travelled long distances to attend our clinic. Thus, many 
had been out of bed and active several hours prior to 
sampling. Blood was allowed to clot and stand in the 
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cold until clot retraction occurred. Serum was then 
withdrawn and stored frozen at —20?C until used. 
Blood pressure (BP), body weight, serum sodium, 
urinary sodium/24 hrs (U,, V), creatinine, protein, and 
other laboratory values were recovered from standard 
"How sheets" maintained on all transplant recipients. 
These laboratory determinations were performed by the 
clinical laboratory of the Charity Hospital of Louisiana 


utilizing standard techniques. 


Blood pressures were determined at least three times 
daily on inpatients and the highest supine pressure re- 
corded. Single determinations were recorded on clinic 
visits and most commonlv these were obtained with the 
patient in the sitting position. All diastolic pressures in 
excess of 90mm were regarded as hypertensive arbi- 
trarily. 

Rejection was diagnosed on clinical and laboratory 
grounds, and confirmed by retrospective analysis of the 
clinical course in each case. Creatinine clearance (Ce) 
was calculated by standard methods. Statistical analysis 
of the correlation between C,, and renin as well as that 
between U,,V and renin was done by computer utilizing 
stepwise regression analysis from standard biomedical 
programs.* 


Results 


During the period of study, 24 of 35 patients were 
hyper tensive for at least part of the time. Only 15 of the 
35 patients were hypertensive at the time renin deter- 
minations were performed. Sixty-one renin determina- 
tions were obtained on these 15 patients while 52 were 
obtained on the 20 normotensive individuals. The mean 
renin value from the 61 renin determinations on 15 
hypertensive patients was 15.35 x 104 GU/ml. This 
contrasted with a mean of 189 x 104 from the 20 
normotensive patients (p = <.01). Thus, there was a 
significant correlation between serum renin and diastolic 
BP >90mm. 

This correlation is by no means a simple one. Its com- 
plexity can be seen from Fig. 1. In this figure, renin 
determinations are plotted against BP. The points are 
coded to show whether the C. was good or poor 
(C. >60 = good, «60 = poor) at the time BP and 
renin were determined. The figure is divided into four 
areas labelled I-IV. In Area I are 33 points. These values 
reflect normal BP and normal renin values. In 24 of the 
33 instances the transplanted kidneys had C, of 
260ml/min. In other words this group of data was 


-obtained from patients with relativelv good function. 


The converse of this situation occurred in Area IIT. 
These data are from hvpertensive individuals with ele- 
vated renin values. Only six of the 24 data points in 


Area IIl were from patients with C., of >60 ml/min. 
+ 
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Fic. 1. Scattergram relating renin, BP and Cer. See text for 


discussion. 


Thus, this group of patients with elevated renin and 
hypertension had relatively poor renal function. 

Data in Area II are from individuals with hypertension 
and normal renin. About half (five of nine) of these 
data points were obtained at times of good renal func- * 
tion. The average 24 hr U,,V from these individuals x 
186 meq, leading to the assumption that hvpertension in 
these patients was related to salt and water retention. 
All of them were on furosemide and were known to 
consume substantial quantities of salt. 

The data represented in Area IV are of particular 
interest in that thev are from individuals with elevated 
renin but normal BP. The renal function from these 
individuals did not differ from those in Area IE, that 
is, 50% of the observations were obtained during periods 
of good renal function. These data were obtained from 
15 patients; ten patients were normotensive bv virtue 
of treatment, but five required no antihypertensive 
therapy. The average U,,V of these normotensive, hyper- 
reninemic patients was 94 meq/24 hours. These then 
are five individuals with elevated serum renins and no 
hypertension, One of these, on four occasions, had serum 
renins between 8.25 and 9.44 x 10-* GU/ml (Table 1). 

Renin values were obtained on 85 occasions when a 
24 ees b en Ca aud a 24 hour Ug > execretion 
| day). An 
inverse geltonship one be pene between creati- 
nine clearance and serum renin activity if renin is re- 
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TABLE 1. Patients with Elevated Serum Renin and Normal BP 


Treatment # Patients 
Methyldopa & furosemide 8 
Furosemide 2 
None § 


lated to rejection, providing a sufficient number of the 
patients studied were in the midst of acute changes in 
renin physiology. Figure 2 shows the correlation observed 
in the study. 

The two variables were inversely correlated with a 
p-value of <.001 and describe a regression curve deter- 
mined by the following quadratic equation: 


Renin = 8.92466 — .12365 Cer + .00047 Ca? 


Hyponatruria is almost constantly associated with 
acute rejection. Since renin is known to stimulate the 
production of aldosterone it was of interest to determine 
the relationship between urinary sodium excretion and 
serum renin activity. Figure 3 shows these data. 

Again, an inverse relationship was observed described 


by a regression curve determined by the quadratic equa- 
tion: 


Renin = 8.05353 — .04586 U,,V + .0007 U,,V? 


The p-value for this relationship is <.001. This supports 


Renin (GU x IQ" *) 
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Fic. 2. Regression curve showing relationship between Cer and 
serum renin. 
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Fic. 3. Regression curve showing relationship between UnaV and 
serum renin. 
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the concept that hyponatruria of rejection is related to 
renin activity. 

It seems likely that hyponatruria in these patients was 
the result of renin stimulated release of aldosterone. 
Hyponatremia was certainly not required for hypo- 
natruria. Table 2 shows data on two exemplary patients 
in whom renin determinations were obtained on two 
occasions. Renin values were elevated once and they were 
normal once in each patient. Urinary sodium excretion 
was dramatically lower in the presence of elevated renin, 
although on each occasion, the body weight and serum 
sodium determinations were comparable (Table 2). 


TABLE 2. Changes in Urine Sodium and Serum Renin 
Patient 1 POD #15 POD #35 
Weight (Ibs) 122 121 
Serum Na (meqg/1) 140 139 
Urine Na (meq/24 hr.) 45 144 
Serum renin (GB units) 3.8 X 1074 0.99 X 107* 
Creatinine clearance (ml/min) 70 88 
Patient 2 POD #487 POD #630 
Weight 177 174 
Serum Na 138 139 
Urine Na 10 180 
Serum renin 8.2 X 107: 1.0 X 10-4 
Creatinine clearance 50 120 
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Fic. 4, Data from a patient who experienced a mild acute rejection 
episode. Note that as serum creatinine fell and BP rose, UnaV fell 
without hyponatremia or weight gain. 


Figure 4 shows an example of a mild acute rejection 
episode during which renins were not obtained, but 
again urine sodium decreased as. BP and serum creatinine 
rose. Serum sodium changed little during the period; 
weight gain occurred after blood pressure and urine 
sodium excretion had changed. Dietary sodium remained 
unchanged throughout the period. 

There was a good correlation between renin activity 
and acute changes in clearance related to rejection. 
Seven patients had acute rejection episodes. Renin was 
elevated in five. Figure 5 shows five patients observed 
during and after successfully treated rejection. In each 
instance renin fell as rejection was controlled (even in 
the two patients with normal initial values). 

Three patients were observed who developed severe 
hypertension. (Arteriograms demonstrated a high grade 
stenosis of the renal artery in each.) Renin values were 
quite high. This hypertension was uncontrollable pharma- 
cologically and all had surgery to correct the arterial 
stenosis with relief of hypertension. 

Table 4 presents data from one of these patients. A 
significant reduction in Ce occurred in the eighth month 
following transplantation which was diagnosed and 
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Fic. 5. Renin values fall as Cer is improved by treatment of 
rejection. 


treated as rejection. Renin and BP fell and Cer improved. . 
Almost a year later (POD 614) his clearance had de- 
creased and he was again hypertensive. Two months later 
renin was higher, hypertension more severe, and Cer 
had fallen to 21 ml/min. Arteriography was performed. 
A severe stenosis was observed in the donor renal artery. 
Pharmacologic controls of the BP was not possible and 
the stenosis was corrected surgically. The BP became 
normal by the end of the first week. Renin fell more 
slowly. It probably remained elevated from ischemic 
damage inflicted on the kidney at surgery. Cer improved 
markedly following improvement of renal blood flow. 


Discussion 


It has been difficult to obtain reliable information con- 
cerning renin and hypertension in transplantation pa- 
tients because of the many factors which affect the renin- 
angiotensin system. The physiologic state of the allograft, 
sodium and water balance, posture, and state of activity 
are but a few of these variables. In the clinical situation 
proper control of these variables is usually impractical 
if not impossible. This study suffers from the same de- 
ficiencies as those published previously by others.!5 9.1 
However, a sufficient number of determinations have 
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Tane 3. Data from a Patient with Renin Mediated Hypertension 
Secondary to Renal Artery Stenosis in a Transplanted Kidney 


Date Renin BP e. 
3-17-72 18.035 170/90 85.30 
POD 4226 
6-2-72 5.74 150/84 70.0 
POD #303 
4-9-73 8.12 170/100 57.4 
POD #614 
6-9-73 27.60 190/120 21.0 
POD #675 
1-2-13 22.90 160/110 39.9 
POD 698 

Operation 
7-2-73 16.50 130/80 22.4 
POD #698 
7-14-73 5.74 120/80 45.5 
POD £710 
7-26- 73 2.9 120/80 84.0 


POD 7722 


been performed on enough patients that some conclu- 
sions can be drawn. 

It is important to keep in mind the nature of patient 
material studied. Although 25 of 35 patients were chosen 
at random, 65 of the 113 renin values were obtained 
on the ten patients chosen because they were hyper- 
tensive or had some signs of rejection. Thus the majority 
of the renin values are from patients who were suspected 
of having renal ischemia. We believe this accounts for 
some correlations observed by us but not by others. *1! 

We noted a significant correlation between renin and 
diastolic BP 290mm (p <.01). This is more meaningful 
in view of the fact that of salt and water excess mav also 
produce hypertension in patients with renal allografts 
and these variables were not well controlled in this 
study. Some insight into the mechanism of transplanta- 
tion hypertension is provided by these data. The pa- 
tients fall into four groups with regard to hvpertension 
and renin. One group, composed primarily of patients 
with stable and good renal function, was normotensive 
and had normal renin values. Another group consisted 
of individuals with hypertension and elevated renin 

values. It was comprised of patients with poorer and 
frequently unstable function. These findings are logical if 
renin release is associated with the renal ischemia lawn 
to be associated with rejection. The other two groups 
illustrate the influence of factors other than renin in 
transplantation hypertension. One of these groups was 
comprised of individuals with hypertension and normal 
renins. On close scrutiny of the records of these patients 
it was apparent that all consumed large amounts of salt 
and continued to do so in spite of careful dietary in- 
struction. These patients presumably have salt and water 
hypertension. They consumed more salt than they could 
handle properly regardless of their state of renal func- 
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tion. We have found this to be à common problem in 
our transplantation clinic. Frequently, patients are ob- 
served whose allografted kidnevs are unable to handle 
as large a sodium Ta as would be expected from au- 
togenous kidneys with similar creatinine clearances. If 
these patients will restrict sodium intake, water reten- 
tion and hypertension subsides, alternatively they may 
be effectively treated with naturetic agents. 

The final group of individuals were normotensive ‘with 
elevated renin. Most were on anti-hypertensive therapy 
but some were on no treatment and had never been 
hy pertensive. It might be suspected that these people 
were “salt-losers” and their renin levels were elevated 
secondarily. However, this was not the case. This phe- 
nomenon remains unexplained but suggests that some 


people are unresponsive to renin or POSSESS some endo- 


genous factors which counteracts its biologic activity. 

Since renin hypertension in transplantation patients is 
generally associated with poor renal function and since 
hypertension in such patients is so commonly associated 
with rejection some correlation should exist between C 
and renin. A significant inverse correlation was observed. 
This differs from earlier reports by West et al.," Nielson 
et al., and Roguska et al? and is probably due to the 
composition of the study group in which a substantial 
number of determinations were from individuals ex- 
periencing changes in renal blood flow. 

Urinary sodium excretion was also found to be in- 
versely correlated with serum renin. This probably 
represents the effect of aldosterone released as a conse- 
quence of renin stimulation and produced by renal 
ischemia rather than hvponatremia. 

We observed the same positive relationship be- 
tween renin and acute rejection previouslv reported bv 
others? 99.1! Further, in two patients with acute rejection 
who had normal renin values, the values became lower 
when rejection was controlled. 

Renin studies are of value in establishing the signifi- 
cance of renal arterv stenosis in allografted kidneys as 
they are in conventional renal artery hypertension. 
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DISCUSSION 


Dr. Joun Foster (Nashville): There are two groups of patients 
in this series which interest me most. First is the four which 
developed stenosis in the artery of the transplanted kidney. We 
have seen this twice. I suspect it happens much more frequently 
p than we appreciate. The only time the transplant teams have done 
. arteriograms is if the patient has uncontrollable hypertension. 

The second group that I was interested in are those who have 
acute rejection and who develop high blood pressure and high 
renins. One can imagine the rejection process producing progres- 
sive narrowing of the intrarenal branches of the renal artery with 
a resultant massive renin release. 

But the thing that bothers me most is: What is a normal renin? 
We have been doing renin determinations for eight years, and we 
can not define a normal peripheral renin level. And if we drew a 
blood from the antecubital vein of all the gentlemen in the audi- 
ence this evening, many of you would have renin levels as high 
as many of those patients that are said to have hyperreninemia. 

Let me illustrate that to you. We don't use peripheral renin to 
determine when a renal artery stenosis is causing high blood 
pressure. We compare the renin from the veins of the two kidneys, 
and if the kidney that has the renal artery stenosis has a renin 
level that's 50 per cent higher than the kidney that does not have 
a stenosis, we call this significant. Most patients with renovascu- 
lar hypertension caused by stenosis have a difference of 10 to 1, 
5 to 1, or 3 to 1. But we do see patients have a 1.5 to 1 ratio, 
and with absolute renin levels within the range of normal. And 
_ that would be within the normal range, as indicated by Dr. 
y McDonald. These patients have renovascular hypertension by our 
criteria, and respond favorably to surgery. 

One of our greatest problems is determining a normal renin 
level. If you lie down, your renin level becomes very low. If you 
stand up, it gets to be very high. Salt and many drugs have a 
great influence on the renin level. 

I would ask one question of Dr. McDonald. How about doing 
arteriograms routinely in your patients postoperatively who have 
kidney transplants? You've reported four patients that have steno- 
sis. I would be relatively certain that there would be twice or 
three times that many that have stenosis in the artery of the 
kidney that you have transplanted. I don't know what causes this. 
I think we need to look at it very closely. It may be the clamps 
that are placed on the artery before it is transplanted. It may be 
some other factor, but I think this is a very fertile field for investi- 
gation, to do arteriography in your transplant patients in the 
postoperative period. 


Dr. Georce V. Smrru (Jackson): Fd like to ask Dr. McDonald 
a couple of questions, one involving his measurements of aldos- 
terone in these patients and whether he performed angiotensin 
infusions. I congratulate him also on his ability to do a serial 
» Study, and not just a one-shot study. l 

We have examined six of our initial transplant patients for renin 
levels in the supine and upright positions and with normal medi- 
cal students as controls against our transplants, as well as anephric 
patients prior to and after transplantation, therefore, acting as 
their own controls, i 

(Slide) These figures show some of the renin levels in the 


normal and the anephric. That doesn't mean that an anephric 
patient doesn't have any renin, as might be indicated by this 
slide, but by the usual method renin levels are very hard to detect. 
Following transplantation, the renin levels in these normotensive 
patients, all six of them on prednisone, Imuran, and those on 
Hydro-diuril, presented enormous levels of renin, higher, cer- 
tainly, than would be expected either from normal or anephric 
patients. | 

(Slide) There is a phenomenon called secondary aldosteronism 
which might help to explain some of the patients who developed 
hypertension with normal renin levels. I think that Dr. Laragh 
has outlined nine categories of hypertension crossing the three 
tvpes of renin levels—below normal, normal and high—with 
below normal, normal, and high aldosterone, so that paired, you 
would have nine combinations possible in people with hyperten- 
sion. So it's not surprising that people with normal renin levels 
might have a high aldosterone and have hvpertension. This slide 
doesn't show that, but it does show the elevated aldosterone levels 
following renal allografting, with these levels, as well as renin 
levels, being somewhat above those of normal people. 

Both exogenous steroids as well as Hydro-diuril cane elevate 
renin substrate, and might explain this. This concept is also sup- 
ported by a paper being presented in Rome this week, I under- 
stand, by Dr. Ziegenthaler, a notable in this field, reporting sec- 
ondary aldosteronism in kidney transplant recipients, 


Dr. SraNLEY B. Gannus (Closing discussion): In response to 
the questions, first of all I'd like to agree about our not really 
knowing what "normal renin” is. I think that the renin studies 
over the past thirty to forty vears have really shown that we are 
not yet in a position to firmly assess what is normal, unless, as 
Dr. Laragh puts it, conditions have been standardized on a meta- 
bolic ward. This would include perfect dietary control with per- 
fect intake and output oodd Many of us are not able to 
duplicate these exact conditions. 

The definition of normal renin is certainly a problem for all of 
us, and I would say, a question for us to evaluate. Our laboratory 
certainly attempts to answer this problem, as well as many other 
ones. We certainly do not think that we have the answer vet, but 
we feel that correlation of 24-hour urine sodium values, as well 
as serum sodium values and soon-to-be-done aldosterone levels, in 
association with renin levels, will help us to evaluate what is 
normal under various conditions of intake, medication, and so forth. 

We also feel that bilateral renal vein renins are helpful, and we 
do it occasionally on the transplant patients when indicated. It 
may also be done prior to transplantation, on the chronic renal 
failure patients in an attempt to evaluate their renin values before 
surgery. 

We agree about routine renal arteriographv, and we think that 
we ought to be doing it more often. We plan to study more 
transplant patients with arteriography as indicated. 

In response to Dr. Smith's question, we do not vet measure 
aldosterone levels, and we intend to continue our studies along 
those lines in the near future. 

I would agree that the thiazides and the other medications 
may, in fact, influence the “normal renin” values in the transplant 
patients, and as a result levels may be found that are higher than 
would be expected in the normotensive transplant patient. 
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During the past thirty-five. years. that renin has been demon- 
strated to be in blood, many attempts have been made to measure 


this enzyme. Because the serum level of renin is extremely low, . 


direct measurement is very difficult. Also, the rapid breakdown of 
the enzyme complicates the assay even further. Therefore, an in- 
direct ‘bioassay has been created, sensitive to minute concentra- 
tions, by measuring the effect of the renin upon the blood pressure 
of the test animal; in our case, the rat. The serum renin concen- 
tration is directly related to the angiotensin generated, the effects 
of which are then measured, because the angiotensinases have 
been inactivated. Our method, the bioassay, is more sensitive and 
less complicated than most previous methods. The kinetics of the 
enzyme substrate reaction have been carefully studied to produce 
a maximal reaction velocity, thus permitting the calculation of 
renin concentration which must have been present to produce the 
-reaction and the generation of angiotensin II. Standard curves and 
recovery are routinely repeated to maintain accuracy in determin- 
ing renin concentration. | 

We feel that this is a more accurate method than the plasma 
renin activity obtained from the radioimmunoassay for angiotensin 


MCDONALD AND OTHERS 
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I, which is commonly used for plasma renin activity evaluation. 

I would like to add a word about our units. The unit of renin 
that we use, the Goldblatt unit, has been accepted by the Medical 
Research Council of the National Institute for Medical Research, 
Mill Hill, London, as the proposed international unit. The normal 
range for supine values in our laboratory is 1.5 X 10-* Goldblatt 
units. One Goldblatt unit, as described by Dr. Goldblatt, is that 
amount of renin which, when injected into an unanesthetized dog, 
raises the blood pressure of that dog 30 mny systolic. If you have 
ever seen Dr. Goldblatt and his dogs, you would know that this is 
quite accurate. l 

There is no doubt that the renin mechanism can be intimately 
studied in cases of renal transplantation, not only for the well- 
being of the transplant pàtients themselves, but also to uncover 
some of the secrets that may ultimately lead to more successful 
management of all cases of hypertension, Renin determination 
should, therefore, play an integral part in the management of the 
renal transplant patient. Further studies of both renin and aldo- 
sterone are currently in progress, and promise to be of great 
interest. 
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pHisoHex® 


sudsing antibacterial soapless skin cleanser 

pHisoHex contains a colloidal dispersion of hexa- 
chlorophene 3% in a stable emulsion consisting of 
entsufon (sodium octylphenoxyethoxyethyl ether sul- 


fonate) 5096, petrolatum 796, lanolin cholesterols 
0.7%, methylcellulose, polyethylene glycol, poly- 
ethylene glycol monostearate, lauryl myristyl dietha- 
nolamide, sodium benzoate, and water. pH (5.0 to 
6.0) is adjusted with hydrochloric acid. All ingre- 
dients w/w. 

Actions: pHisoHex has bacteriostatic action against 
staphylococci and other gram-positive bacteria. Cu- 
mulative antibacterial action develops with repeated 
use. 

Indications: pHisoHex is indicated for use as a sur- 
gical scrub and a bacteriostatic skin cleanser. It may 
also be used for washing to control an outbreak of 
gram-positive infection in the nursery when good 
hospital practice has been inadequate as a total pro- 
gram of infection control. It should be used only as 
long as necessary for infection control. (See Warnings.) 
Contraindications: pHisoHex should not be used on 
burned or denuded skin. It should not be used as an 
occlusive dressing, wet pack, or lotion. It should not 
be used routinely for prophylactic total body bathing. 
It should not be used as a vaginal pack or tampon, 
or on any mucous membranes. pHisoHex should not 
be used on persons with sensitivity to any of its com- 
ponents. It should not be used on persons who have 
demonstrated primary light sensitivity to halogen- 
Med phenol derivatives because of the possibility of 
cross-sensitivity to hexachlorophene. 

Warnings: RINSE THOROUGHLY AFTER USE, espe- 
cially from sensitive areas such as the scrotum and 
perineum. 





pHisoHex? 


lanolin Arius terols 0.79 


Infants, especially premature infants or those with 
dermatoses, are particularly susceptible to hexa- 
chlorophene absorption. Systemic toxicity may be 
manifested by signs of stimulation (irritation) of the 
central nervous system, sometimes with convulsions. 
Vacuolization has been reported, with a symmetrical, 
rostrocaudal distribution in the brainstem reticular 
formation of premature infants of low birth weight, 
especially those with skin rashes and wounds, who 
were washed with 3% hexachlorophene. However, the 
clinical correlates of such vacuolization have not been 
established since these infants also had critical 
clinical conditions or pathologic findings of inde- 
pendent etiology. 

When preparations containing hexachlorophene are 
left in contact with burned or denuded skin or mu- 
cous membranes, sufficient hexachlorophene may be 
absorbec to cause toxic symptoms. 

PHISOHEX SHOULD BE DISCONTINUED 
PROMPTLY IF SIGNS OR SYMPTOMS OF CERE- 
BRAL IRRITABILITY OCCUR. Experimental and 
clinical evidence indicates that hexachlorophene tox- 
icity is reversible. 

In a small number of reported cases, fatal intoxica- 
tions from hexachlorophene have occurred. These 
cases include misuse of 396 hexachlorophene on 
burned skin, or exposure to a powder accidentally 
containing approximately 6.5% hexachlorophene. 
Examinations of brain tissue in some of these cases 
revealed vacuolization like that which can be pro- 
duced in newborn experimental animals following re- 
peated topical application of 3% hexachlorophene. 
pHisoHex is intended for external use only. If swal- 
lowed, pHisoHex is harmful, especially to infants 
and children. pHisoHex should not be poured into 


contains a colloidal dispersion of hexachlorophene 3% in a stable emulsion consisting 
of entsufon (sodium odiis baht hyl ether sulfonate) 50% 
, methylcellulose, polyethylene glycol, polyethylene glycol 
monostearate, lauryl myristyt diethanolamide, sodium benzoate, and water. 

PH (5.0 to 6.0) is adjusted with hydrochloric acid. All ingredients w/w. 


, petrolatum 7%, 


Why pHisoHex ? 


pHisoHex contains 3% hexa- 
chlorophene with cumulative 
antibacterial action on the 
hands, unique among anti- 
bacterial agents. 


Why is this important? 


pHisoHex continues to protect 
during the interim between 
scrubs if used regularly as 
directed. 


Is there an alternative? 


While more frequent washing 
with other agents is an alter- 
native, it is not a practical one 
for prolonged surgery.. 


But there's no need for an 


alternative! 

Nonalkaline, hypoallergenic 
pHisoHex is clearly indicated 
for staphylococci and other 
gram-positive bacteria as a 
bacteriostatic hand cleanser 
and surgical scrub. Rinse 
thoroughly after use. 


measuring cups, medicine bottles, or similar con- 
tainers since it may be mistaken for baby formula or 
other medications. 

Precautions: pHisoHex suds that get into the eyes 
accidentally during washing should be rinsed out 
promptly and thoroughly. 

Adverse Reactions: Dermatitis and photosensitivity. 
Sensitivity to hexachlorophene is rare; however, per- 
sons who have developed photoallergy to similar 
compounds also may become sensitive to hexachloro- 
phene. 

In persons with highly sensitive skin, the use of 
pHisoHex may at times produce a reaction charac- 
terized by redness and/or mild scaling or dryness, 
especially when it is combined with such mechanical 
factors as excessive rubbing or exposure to heat or 
cold. 

Treatment of Accidental Ingestion: The accidental 
ingestion of pHisoHex in amounts from 1 to 4 oz. has 
caused anorexia, vomiting, abdominal cramps, diar- 
rhea, dehydration, convulsions, hypotension and 
shock, and in several reported instances, fatalities. 
The stomach should be evacuated by emesis or lav- 
age followed by 2 oz. of olive oil or vegetable oil and 
then by a saline cathartic with symptomatic and sup- 
portive treatment as indicated. See package insert 
or PDR for details. 

How Supplied: pHisoHex is available in unbreakable 
plastic squeeze bottles of 5 ounces, 1 pint, plastic 
bottles of 1 gallon, and Y oz. (8 ml.) unit packets, 
boxes of 50. pHisoHex should not be dispensed from, 
or stored in, containers with ordinary metal parts. 
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1. Artist's conception of cutaway view of gallbladder contain 
ing stones which, by causing irritation of the organs interior 
wall and restricting biliary fa may play a role in the re 
peated episodes of inflammation and infection associated 
with chronic cholecystitis 

2. Artists conception of microscopic section of gallbladder 
wall showing chronic state with superimposition of inflam 
mation, edema and necrosis due to an acute episode. 


A unique view of the gallbladder, from the inside looking out, 
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Of view 


Vibramycin (doxycycline) 
penetrates gallbladder tissue to 
reach susceptible pathogens 


Vibramycin can be useful in 
cholecystitis because it provides a wide 
antibacterial spectrum and therapeutic 
tissue concentrations: Vibramycin 
is active against susceptible'strains 

| Concentrations ot oral Vibranwan in callbladéer iue | OF Dackeria 


|, removed from four surgical patients on a dosage of 


200 mg. P.O. stat and 100 mg. P.O. once daily until surgery. including Escherichia 











raven Ep an eae E coli and Entero- 

O. (meg./Gm. ooo — er 

l 5.80" | bacter aerogenes 
3 eS (formerly Aerobacter 
4 7.73 | aerogenes). 


|. Because not all strains of pathogens are susceptible, it is recommended 
that routine culture and susceptibility tests be performed 

2. Fabre, J. et al.: Schweiz. Med. Wochenschr. 97:915, May 17, 1967. 

3. Concentration in the bile taken simultaneously: 24.2 mcg./ml 


VibramyciniV. 


(doxycycline hyclate for injection) 


100-mg. vials containing doxycycline hyclate equivalent 
to 100 mg. doxycycline with 480 mg. ascorbic acid 
200-mg. vials containing doxycycline hyclate equivalent 
to 200 mg. doxycycline with 960 mg. ascorbic acid 


Pfizer, LABORATORIES DIVISION 
PFIZER INC 


See Brief Summary on following page for information on side effects and contraindications. 
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VibramycinlV. 


(doxycycline hyclate for injection) 


100-mg. vials containing doxycycline hyclate equivalent 
to 100 mg. doxycycline with 480 mg. ascorbic acid 
200-mg. vials containing doxycycline hyclate equivalent 
to 200 mg. doxycycline with 960 mg. ascorbic acid 


Important facts about 
Vibramycin (doxycycline) 


" can maintain therapeutic blood 
levels with a single daily infusion 


= can be used without complexities 
of dosage alteration in patients with 
impaired renal function 


2 does not significantly elevate BCIN 
in patients with renal insufficiency 


2 virtually the same broad range 
of indications when switching from 
I.V. to oral form 


Because not all strains of pathogens are susceptible, it is recommended that routine culture 
and susceptibility tests be performed. 


Vibramycin* Hyclate (doxycycline hyclate) and 
Vibramycin" I.V. (doxycycline hyclate for injection) 
BRIEF SUMMARY 


Contraindicated: In persons hypersensitive to any of the tetracyclines. 


Warnings: Use of tetracyclines during the last half of pregnancy, infancy and childhood to 
the age of 8 years may cause permanent discoloration of developing teeth. This is more 
common during long-term use of the tetracyclines but has been observed following repeated 
short-term courses. Enamel hypoplasia has also been reported. Thus, tetracyclines should 
not be used in this age group unless other drugs are not likely to be effective or are 
contraindicated. Individuals receiving tetracycline antibiotics should be advised that direct 
sunlight or ultraviolet light can cause photosensitivity reactions. If these reactions 
(exaggerated sunburn) occur, discontinue therapy. Doxycycline forms a stable calcium 
complex in any bone forming tissue. Fibula growth has been decreased in prematures given 
oral tetracyclines 25 mg./kg. q. 6 h., but this reaction was reversible when the drug 

was discontinued. 

The antianabolic action of the tetracyclines may cause an increase in BUN. Studies to date 
indicate that this does not occur to a significant degree with the use of Vibramyan in 
patients with impaired renal function. 

Vibramycin Intravenous has not been studied in pregnant patients. It should not be used 
in pregnant women unless, in the judgment of the physician, it is essential for the welfare of 
the patient. 

Animal studies indicate that tetracyclines cross the placenta, are found in fetal tissues and 
can have toxic effects on the developing fetus. Evidence of embryotoxicity has also been 
noted in animals treated early in pregnancy. 

The use of Vibramycin Intravenous in children under 8 years is not recommended because 
safe conditions for its use have not been established. 











Tetracyclines are present in the milk of lactating women who are taking a drug in this class. 





». 


Precautions: Overgrowth of nonsusceptible organisms may occur, including fungi. If such 
superinfections are encountered, discontinue Vibramycin and institute appropriate therapy. 

In venereal disease when coexistent syphilis is suspected, a dark -field examination should 
be done before initiating therapy. Conduct monthly serological tests for at least 4 months. 

Because tetracyclines depress plasma prothrombin activity, patients on anticoagulant 
therapy may require downward adjustment of their anticoagulant dosage. 

In long-term therapy, conduct periodic laboratory evaluation of organ systems, including 
hematopoietic, renal and hepatic. 

Treat all Group A beta-hemolytic streptococcal infections for at least 10 days. 

Avoid giving doxycycline with penicillin because of possible interference with penicillin 
activity. 

Antacids containing aluminum, calcium, or magnesium impair absorption and should not 
be given concomitantly to patients taking oral Vibramycin. 


Adverse Reactions: Anorexia, nausea, vomiting, diarrhea, glossitis, dysphagia, enterocolitis, 
inflammatory lesions (with monilial overgrowth) in the anogenital region, maculopapular 
and erythematous rashes, exfoliative dermatitis, photosensitivity, urticaria, angioneurotic 
edema, anaphylaxis, anaphylactoid purpura, pericarditis, exacerbation of systemic lupus 
erythematosus, hemolytic anemia, thrombocytopenia, neutropenia and eosinophilia have 
been reported. Prolonged administration of tetracyclines may produce brown-black 
microscopic discoloration of thyroid glands. No abnormalities of thyroid function studies 
are known to occur. Bulging fontanels have been reported in young infants on therapeutic 
dosage but disappeared when the drug was discontinued. A dose-related rise in BLIN has 
been reported. 


Oral Adult and Children's Dosages: See the Vibramycin Oral package insert for 
recommended dosage schedules for adults and children. 


Intravenous Dosage and Administration: Note: Rapid administration is to be avoided. 
Parenteral therapy is indicated only when oral therapy is not indicated. Oral therapy should 
be instituted as soon as possible. If intravenous therapy is given over prolonged periods of 
time, thrombophlebitis may result. 

The usual dosage and frequency of administration of Vibramycin I.V. (100-200 mg./day) 
differs from that of the other tetracyclines ( 1-2 Gm./day). Exceeding the recommended 
dosage may result in an increased incidence of side effects. 

Studies to date have indicated that Vibramycin, at the usual recommended doses, does not 
lead to excessive accumulation of the antibiotic in patients with renal impairment. 


Intravenous Adult Dosage: The usual dosage of Vibramycin l.V. is 200 mg. on the first day 
of treatment administered in one or two infusions. Subsequent daily dosage is 100 to 
200 mg. depending on the severity of infection, with 200 mg. administered in one or two 
infusions. 

In the treatment of primary and secondary syphilis, the recommended dosage is 300 mg. 
daily for at least 10 days. 


Intravenous Children's Dosage: The recommended dosage schedule for children weighing 
100 pounds or less is 2 mg./Ib. of body weight on the first day of treatment, administered in 
one or two infusions. Subsequent daily dosage is 1 to 2 mg./Ib. of body weight given as one 
or two infusions, depending on the severity of the infection. For children over 100 pounds 
the usual adult dose should be used. (See "Warning" Section for Usage in Children.) 


General: The duration of infusion may vary with the dose ( 100 to 200 mg. per day), but is 
usually one to four hours. A recommended minimum infusion time for 100 mg. of a 

0.5 mq./ml. solution is one hour. Desired concentrations of the final solution should be 

0.2 mg./ml. to 0.5 mg./ml. Concentrations below 0.1 mg./ml. or above 1.0 mg./ml. are not 
recommended. Therapy should be continued for at least 24-48 hours after symptoms and 
fever have subsided. The therapeutic antibacterial serum activity will usually persist for 

24 hours following recommended dosage. 

Intravenous solutions should not be injected intramuscularly nor subcutaneously. Caution 
should be taken to avoid the inadvertent introduction of the intravenous solution into the 
adjacent soft tissue. 

More detailed professional information available on request. 


Pfizer} LABORATORIES DIVISION 
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For severe gram-positive and 





anaerobic infections 


*due to susceptible organisms 


More than 40 investigators participated in initial clinical and bacteriologic 
studies of Cleocin PO,. Because it is a parenteral antibiotic, the emphasis was on 
evaluation of Cleocin PO, in serious gram-positive coccal and anaerobic infections. 

" Although there were some cases of mild, uncomplicated infections, most patients 
were hospitalized and were judged to be moderately to critically ill. 

Diagnoses included septicemia and septic shock, acute peritonitis, staphy- 
lococcal pneumonia, and massive wound infection. In many cases the infection 
was secondary to severe accidental trauma, major surgery, or debilitating disease. 

Specifically, Cleocin PO, has demonstrated antibacterial activity and 
clinical efficacy in moderate to severe infections due to susceptible strains of the 


following microorganisms: 





Staphylococci — (Staphylococcus aureus and 
S. epidermidis including both penicillinase- and non- 
penicillinase-producing strains.) 

Septicemia, infections of soft tissue, skin, upper and 
lower respiratory tract. 





Streptococci— (Streptococci except Streptococcus 
faecalis.) 

Septicemia, infections of soft tissue, skin, upper and 
lower respiratory tract. (Injectable benzathine penicillin 
is considered to be the drug of choice in treatment and 
prevention of streptococcal pharyngitis and in long-term 
prophylaxis of rheumatic fever. Cleocin POs is effective in 
the eradication of streptococci from the nasopharynx; 
however, data establishing the efficacy of Cleocin PO, in 
| the subsequent prevention of rheumatic fever are not 
available at present.) 


Cleocin 


clindamycin phosphate injection, Upjohn 











Pneumococci — Upper and lower respiratory 
infections. 





Anaerobic bacteria — (Including species of 
Bacteroides, Fusobacterium, Propionibacterium, Eubac- 
terium, Actinomyces, Peptococcus, Peptostreptococcus, 
microaerophilic streptococci and Clostridium.) 

Septicemia; intra-abdominal infections such as 
peritonitis and intra-abdominal abscess; infections of the 
female pelvis and genital tract such as endometritis, 
nongonococcal tubo-ovarian abscess, pelvic cellulitis and 
postsurgical vaginal-cuff infection; empyema, anaerobic 
pneumonitis, lung abscess; skin and soft-tissue infections. 


For further prescribing information, please see last 
page of this advertisement. 
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FOR INTRAVENOUS AND INTRAMUSCULAR USE 


Ax injectable antibiotic 
for staph, strep, pneumococci... 


*susceptible strains of the 





There are good reasons to consider Cleocin Phosphate 
(clindamycin phosphate injection) as the initial drug 
when indicated in moderate to severe infections caused 
by susceptible strains of staph, strep** and pneumococci. 

Clinically and bacteriologically, clindamycin has 
proved effective in patients with penicillin-resistant 
staphylococcal infections. Cleocin POs is effective against 
penicillinase-producing staphylococci. However, organ- 
isms resistant to clindamycin have been encountered and 
sensitivity testing should be performed. 

Cleocin POs is useful in patients who are sensitive 
to penicillin. Rare cases of sensitivity to clindamycin re- 
sulting in maculopapular rash and urticaria have been 
reported and, as with all antibiotics, it should be used 
cautiously in atopic patients. However, clindamycin5h only 
demonstrable cross antigenicity is with lincomycin. Thus 
it can fill a need for both penicillin-sensitive patients and 
those with penicillin-resistant pathogens. 

In occasional individuals Cleocin PO4 may cause 
gastrointestional symptoms including nausea, vomiting 
and diarrhea. CASES OF SEVERE AND PERSISTENT 
DIARRHEA HAVE BEEN REPORTED AND HAVE AT 
TIMES NECESSITATED DISCONTINUANCE OF THE 
DRUG. THIS DIARRHEA HAS BEEN OCCASIONALLY 
ASSOCIATED WITH BLOOD AND 
MUCUS IN THE STOOL AND HAS AT 
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TIMES RESULTED IN ACUTE COLITIS. When the medium has no 
A careful inquiry should be made con- message. Anaerobes are the most 
cerning previous sensitivities to easily missed category of poten- 
drugs and other allergens. tially pathogenic bacteria. Often 
their presence can only be inferred 
. Useful as initial therapy... when a lesion that shows abundant 
with a bonus. Cleocin POs is indi- bacteria on a Gram-stained slide 
cated for more than the treatment yields an apparently sterile culture 
of susceptible gram-positive orga- with routine aerobic methods. 
nisms** It has the bonus of activity Anaerobes require meticulous collection and special 
against anaerobes. For these obscure culture techniques. Even a brief exposure to air can kill 
and potentially lethal pathogens, many of them. Most are fastidious, and they may require 
it may merit early consideration. as much as ten days’ incubation to reveal their presence. 
Insome busy laboratories, plates are discarded prematurely; 
Anaerobes: ubiquitous in others, anaerobic cultures are rarely even made. 
opportunists. Anaerobes are the 

en dominant population group among The problem of Bacteroides. Bacteroides are the 

= = the resident flora of the human most numerous of the anaerobic bacteria and the ones 
body. They are abundant in the oropharynx, female most frequently found in clinically significant anaerobic 
genital tract, and in the gut where they constitute 95% infections. Bacteroides species have been identified in 
of normal fecal flora, out-numbering Escherichia coli approximately half of surgical infections caused by 
1,000 to 1. anaerobic organisms. 

Except for Clostridium, which became notorious Although most Bacteroides species are sensitive to 
during World War I, anaerobes have often been dismissed penicillin, a frequent exception is Bacteroides fragilis — 
as harmless saprophytes. Only recently have they begun the most commonly encountered pathogen in the genus. 
to be recognized as a major source of serious infection. This, the most prevalent of anaerobic pathogens, has 

When trauma, surgery, or weakened bodily defenses remained the most difficult to eradicate. Despite anti- 
allow them to spill into the peritoneal cavity, or invade biotic therapy, Bacteroides septicemia has proved fatal in 
the bloodstream or compromised tissue, they can become 30% to 40% of patients afflicted. 


lethal opportunists. 


**Injectable benzathine penicillin is considered to be the drug of choice 
in treatment and prevention of streptococcal pharyngitis and its 
long-term prophylaxis of rheumatic fever. 


For further prescribing information, please see last page of this advertisement. 
A complete bibliography is available from The Upjohn Company. 


©1974 The Upjohn Company. 


and anaerobes 


pathogens indicated above 





Improving the odds against anaerobes. In 
anaerobic infections the therapeutic significance of 
Cleocin PO, (clindamycin phosphate injection) is best 
recognized in the context of the seriousness of many of the 
infections successfully treated. All but one of the clinically 
and bacteriologically evaluatable patients in the pre- 
introductory study group had moderate to severe infections. 
Most had one or more complicating illnesses and, in many, 
host defenses were severely compromised by traumatic 
injuries, neoplastic disease, or radical surgery. 

Anaerobic infections developed in many as a sequel 
to massive abdominal gunshot or stab wounds, multiple 
fractures, or surgery of the gastrointestinal or female 
genital tract. 

Clinical diagnoses included septicemia, deep 
abscesses of the lungs and various sites in the abdominal 
cavity and female genital tract, and cases of peritonitis, 
empyema, endometritis, postsurgical vaginal-cuff infec- 
tions and anaerobic pneumonitis. In many cases multiple 
antibiotic regimens, alone or in combination, had failed 
to control the infection before Cleocin PO, therapy was 
initiated. 

Serum levels of clindamycin above the in vitro 
minimum inhibitory concentration for most indicated 
organisms can be readily achieved and maintained. The 
minimum inhibitory concentration in vitro for anaerobes 
is generally 1.6 mcg/ml or less. 


When you suspect an anaerobe. Cleocin PO; 
(clindamycin phosphate injection) is demonstrably 
effective in anaerobic infections. But with or without the 
availability of effective antibiotics, the principal problem 
in managing these infections is recognizing them. 

A questioning mind and a sensitive nose are the 
first and second prerequisites, respectively. Deep necrotic 
lesions are a potential breeding ground for anaerobes, 
particularly if located near the oropharynx, the female 
genital tract, or the gut. Contamination from these areas 
enhances the risk of infection, as does compromised host 
resistance. A foul or fecal-smelling lesion or exudate 
suggests anaerobic infection. Organisms that are visible on 
the Gram-stained slide but fail to grow on conventional 
aerobic culture media may be anaerobes. 

As with any infection, specimens for culturing and 
susceptibility testing should be collected before therapy 
begins. At present, since disc susceptibility testing with 
present methods is not reliable for anaerobes, in vitro 
dilution methods should be used to determine suscepti- 
bility. In severe anaerobic infections, treatment may be 
started before a definitive diagnosis is made. 

If it’s a gram-positive coccal infection, there are 
several alternatives. 

If you suspect an anaerobe, consider Cleocin POs. 
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POTENTIAL ANAEROBIC INFECTIONS 


dental infections 


empyema 
pneumonitis 
lung abscesses 
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septicemia 


peritonitis 
intra-abdominal abscesses 


tubo-ovarian abscesses 
endometritis 
vaginal-cuff infections 


deep infected wounds 


Predictable serum levels... 
predictably maintained. Cleocin PO, is a water-soluble 
ester of clindamycin and phosphoric acid which hydrelyzes 
into biologically active clindamycin base within minutes 
of infusion. Peak serum concentrations of active anti- 
biotic are reached in ten minutes following a 300 mg 
intravenous dose. With intra-muscular administration, 
peak levels are achieved within three hours in adults and 
one hour in children. 

Serum levels of clindamycin above the in vitro 
minimum inhibitory concentrations for most indicated 
organisms can be maintained by administration of clinda- 
mycin phosphate every 8-12 hours in adults and every 6-8 
hours in children, or by continuous intravenous infusion. 

Dosage schedules need not be modified in the pres- 
ence of mild or moderate renal or hepatic disease. However, 
patients with very severe renal disease and/or very severe 
hepatic disease accompanied by severe metabolic aberra- 
tionsshould be dosed with caution, and serum clindamycin 
levels monitored during high-dose therapy. Elevations of 
serum transaminases have been observed during therapy 
with Cleocin PO; (clindamycin phosphate injection). 

Cleocin PO, should not be injected intravenously 
undiluted as a bolus, but should be infused over at least 
10-60 minutes as directed in the Dosage and Administration 
section of the prescribing information. 
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FOR INTRAVENOUS AND INTRAMUSCULAR USE 





Each ml contains: 


clindamycin phosphate equivalent to............... 150 mg 

clindamycin base 
Benzyl alone) fetch tn meetan epee eee eke seio 5 mg 
disodiunredetate 1 oasis eMedia dos ditor ey aA 0.5 mg 
Water Tor InJecOB.. + 4.2.4 hes eae dei eee e tee qs 


When necessary, pH adjusted with NaOH and/or HC]. 


Description and Actions: Cleocin Phosphate is a water soluble 
phosphate ester of clindamycin. Clindamycin is a semisynthetic 
antibiotic which has greater in vitro potency than the parent com- 
pound lincomycin. While clindamycin phosphate is inactive, rapid 
in vivo hydrolysis converts it into the antibacterially active clinda- 
mycin. 

Indications: Cleocin Phosphate is indicated in the treatment of 
infections caused by susceptible strains of the following micro- 
organisms: 

Streptococci: Upper respiratory-tractinfections (Injectable benza- 
thine penicillin is considered to be the drug of choice in treatment 
. and prevention of streptococcal pharyngitis and in long-term pro- 
phylaxis of rheumatic fever. Cleocin Phosphate is effective in the 

„eradication of streptococci from the nasopharynx; however, data 
^. establishing the efficacy of Cleocin Phosphate in the subsequent 
prevention of rheumatic fever are not available at present.]; lower 
respiratory-tract infections; skin and soft-tissue infections; septi- 
cemia. 

Staphylococci: Upper and lower respiratory-tract infections; 
skin and soft-tissue infections; septicemia; acute hematogenous 
osteomyelitis. 

Pneumococci: Upper and lower respiratory-tract infections. 

Anaerobic bacteria: Lower respiratory-tract infections such as 
empyema, anaerobic pneumonitis and lung abscess; skin and 
soft-tissue infections; septicemia; intra-abdominal infections such 
as peritonitis and intra-abdominal abscess (typically resulting 
from.anaerobic organisms resident in the normal gastrointestinal 
tract]; infections of the female pelvis and genital tract such as 
endometritis, nongonococcal tubo-ovarian abscess, pelvic cellu- 
litis and postsurgical vaginal-cuff infection. 

Adjunctive Therapy: In dental infections and in the surgical 
treatment of chronic bone and joint infections due to susceptible 
organisms. Indicated surgical procedures should be performed in 
conjunction with antibiotic therapy. 

Bacteriologicstudiestodeterminethecausativeorganisms should 
be performed and their susceptibility to Cleocin tested. 
Contraindications: History of hypersensitivity to clindamycin or 
lincomycin. 

Warnings: CASES OF SEVERE AND PERSISTENT DIARRHEA 
HAVE BEEN REPORTED AND HAVE AT TIMES NECESSITATED 
DISCONTINUANCE OF THE DRUG. THIS DIARRHEA HAS 
BEEN OCCASIONALLY ASSOCIATED WITH BLOOD AND 
MUCUS IN THE STOOLS AND HAS AT TIMES RESULTED IN 
AN ACUTE COLITIS. 
^" A careful inquiry should be made concerning previous sensi- 
tivities to drugs and other allergens. Antagonism has been dem- 
onstrated between Cleocin and erythromycin in vitro. Because of 
possible clinical significance, these two drugs should not be ad- 
ministered concurrently. 

Usage in Pregnancy: Safety for use in pregnancy has not been 
| established. Usage in Newborns and Infants: When clindamycin 


Effective parenteral 

. therapy against 

j susceptible gram-positive 
! cocci and anaerobes 


| phosphate is administered to newborns and infants, appropriate 


monitoring of organ system functions is desirable. Usage in Men- 
ingitis: Since clindamycin does not diffuse adequately into the 
cerebrospinal fluid, the drug should not be used in the treatment 
of meningitis. 

SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IM- 
MEDIATE EMERGENCY TREATMENT WITH EPINEPHRINE. 
OXYGEN AND INTRAVENOUS CORTICOSTEROIDS SHOULD 
ALSO BE ADMINISTERED AS INDICATED. 

Precautions: Prescribe with caution in atopic individuals. During 
prolonged therapy, periodic liver and kidney function tests and 
blood counts should be performed. Use may result in overgrowth 
of non-susceptible organisms— particularly yeasts. Should super- - 
infection occur, adjust therapy as clinical situation dictates. Clinda- 
mycin phosphate should not be injected intravenously as an un- 
diluted bolus; it should be infused as directed in package insert. 
Patients with very severe renal disease and/or very severe hepatic 
disease accompanied by severe metabolic aberrations should be 
dosed with caution and serum clindamycin levels monitored dur- 
ing high-dose therapy. In experimental animals, high doses of 
lincomycin IV have been shown to have neuromuscular block- 
ing properties which are not reversed by neostigmine. Other ani- 
mal studies have shown that there can be an additive effect or 
potentiation when lincomycin is given concurrently with d-tubo- 
curarine.There are no studies to this effect with clindamycin phos- 
phate; however, the possibility of this occurring with clindamycin 
phosphate should be kept in mind due to the chemical similarity 
of the drug. 

Adverse Reactions: Gastrointestinal: Abdominal pain, nausea, 
vomiting and diarrhea. See also under WARNINGS. Hypersensi- 
tivity Reactions: Maculopapular rash and urticaria have been 
observed during drug therapy. Generalized mild to moderate 
morbilliform-like skin rashes are the most frequently reported of 
all adverse reactions. Rare iristances of erythema multiforme, some 
resembling Stevens-Johnson syndrome, have been associated with 
clindamycin. A few cases of anaphylactoid reactions have been 
reported. If a hypersensitivity reaction occurs, the drug should 
be discontinued. The usual agents (epinephrine, corticosteroids, 
antihistamines) should be available for emergency treatment of 
serious reactions. Liver: Jaundice and abnormalities in liver func- 
tion tests have been observed during clindamycin therapy. Hema- 
topoietic: Transient neutropenia (leukopenia) and eosinophilia 
have been reported. Reports of agranulocytosis and thrombocyto- 
penia have been made. No direct etiologic relationship to concur- 
rent clindamycin therapy could be made in any of the foregoing. 
Local Reactions: Pain, induration and sterile abscess have been 
reported after intramuscular injection and thrombophlebitis after 
intravenous infusion. Reactions can be minimized or avoided by 
giving deep intramuscular injections and avoiding prolonged use 


of indwelling intravenous catheters. 


How supplied: 2, 4 and 6 ml ampoules. 
Caution: Federal law prohibits dispensing without prescription. 


MED-B-1 (MCP-2) J-3532-9 
CI STERILE SOLUTION inPO 


clindamycin phosphate injection, Upjohm 


FOR INTRAVENOUS AND INTRAMUSCULAR USE 


The Upjohn Company 


Upjohn Kalamazoo, Michigan 49001 


The number one antacid that benefits the patient and the purse. 


Maalox® Suspension, the standard by which other antacids are judged, usually costs your 
patients a lot less than other leading antacids. 


In fact, a recent ad by our closest competitor quotes from a retail store study showing that a 
bottle of Maalox Suspension is approximately 50¢ less costly than their product. 


What this means to your patient is a saving of as much as $25 over a six months course of 
therapy. Certainly an important consideration in this world of spiraling inflation. Particularly for 
the patient on a fixed income as so many peptic ulcer patients are. 


Therapeutically, Maalox does exactly what an antacid should do. It works fast. It neutralizes 
effectively. It doesn't constipate. It tastes good. All good reasons why Maalox continues to be 
America's number one antacid. 


When Maalox is your antacid of choice, both you and 
your patient can be assured of highest 
quality as well as patient-pleasing economy. 


Maalox: the number one antacid 


(a balanced combination of magnesium and aluminum hydroxides) 


WILLIAM H. RORER, INC. 
| Fort Washington, Pa. 19034 












Did you know 
Maalox 
saves money? 
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infection Is one important reason 


You know how important it is to 
minimize the chances of post-operative 
infection. So it's only natural to follow the 
most meticulous aseptic practices. 

Many surgeons include the routine 
use of the Snyder Hemovac. It's proven 
effective in reducing the incidence of 
post-operative infection. It was the first 
practical portable, disposable closed 
wound suction system. And it's still the 
first choice of most surgeons. 


hemovac* removes a major source 
of infection 
When you close a surgical wound, 
excess serosanguineous fluid begins to 
collect, becoming virtually 
isolated from the 
antibiotic action of your 
patient's vascular system. 
This isolated serum is a 
viable medium 
for bacteria 
growth. 
The gentle, 
negative 
pressure of 
the Hemovac helps 
diminish the possibility 
of infection by 
drawing the fluids 
away from the 
underlying tissue, reducing the chances 
of sepsis. This encourages primary 
approximation of tissue and early 
revascularization. 
And because the Hemovac 
is portable, early ambulation 
is possible. 









think of the hemovac 
as a total system 

Only the Snyder 
Hemovac gives you a wide 








to use asnyaer hemovac fnere are others 


range 
of alternatives 
to meet your 
specific 
requirements 
and your 
patient's needs. 
It's available 
in 200cc, 400cc and 
800cc capacities, with 352", %”, Ae", V4" 
O.D» crystal clear medical grade wound 
tubing that's highly clog and collapse 
resistant. The precisely spaced and 
perforated openings minimize fibrin 
entrapment and clotting. 
We haven't overlooked any detail. 
We made the 344" size tubing 
especially pliable for use in procedures 
where you want a more flexible tubing. 





And we even redesigned the drain 
opening to make it easier to completely 
evacuate the unit. 

So before infection becomes a 
problem, make Hemovac part of the 
prevention. 





^ ZIMMER - USA 


— Warsaw, Indiana 46580 
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* An unextreme parenteral analgesic can be preferable for the relief of moderate to 
severe pain associated with many everyday hospital situations. 


Gastrectomy Thoracic surger 


Traumatic pain ndoscopy 


Multiple fractures 


2m 
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Acute bursitis Appendectomy [Intestinal colic è 
Since clinical experience in children under 12 years of age is limited, the use of Talwin (brand of pentazocine, 
as lactate) in this age group is not recommended. Since sedation, dizziness, and occasional euphoria 
have been noted, ambulatory patients should be warned not to operate machinery, drive cars, or unnecessarily 
expose themselves to hazards. See full instructions and warnings on last page. 
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_the unextreme 
injectable — 
for serious pain 





Talwin doesn’t go to extremes. 
Yet, Talwin relieves serious 






the great majority of everyday 
hospital situations. | 


For most serious pain —Talwin has in fact- 
been shown comparable to narcotics such as 
morphine and meperidine, in analgesic efficacy... 
with less likelihood of some of the extreme ad- 
verse effects produced by the opiates in general. 

With Talwin there is a low incidence of 
respiratory depression, hypotension, urinary 
retention, and constipation. 


In moderate to severe pain 


—pBiwin 


pentazocine 


(as lactate) 


extremely effective for most patients 
30mg. 45mg. 60 m$. 


See important product information concerning warnings, adverse reactions, patient selection, 
prescribing and precautionary recommendations on last page of this advertisement. 





Talwin® e 
Brand of pentazocine (as lactate) 
Analgesic for Parenteral Use 


Ampuls: 30 mg. (1 mi), 45 mg. 
(1% mi.), and 60 mg. (2 ml.) 


Vials: (10 ml.) 30 mg./ml. 
30 mg. for 1.V., I.M., or S.C. use 
45 mg. tor I.M. or S.C. use 
60 mg. for I.M. or S.C. use 


Indications: For the relief of moderate to severe 
pain. Talwin may also be used for preoperative 
or preanesthetic medication and as a supple- 
ment to surgical anesthesia. 

Contraindication: Talwin should not be admin- 
istered to patients who are hypersensitive to it. 
Warnings: Drug Dependence. Special care 
should be exercised in prescribing pentazocine 
for emotionally unstable patients and for those 
with a history of drug misuse. Such patients 
should be closely supervised when long-term 
therapy is contemplated. There have been in- 
stances of psychological and physical depend- 
ence on Talwin in patients with such a history 
and, rarely, in patients without such a history. 
Abrupt discontinuance following the extended 
use of parenteral Talwin has resulted in symp- 
toms such as abdominal cramps, elevated tem- 
perature, rhinorrhea, restlessness, anxiety, and 
lacrimation. Even when these occurred, discon- 
tinuance has been accomplished with minimal 
difficuity. in the rare patient in whom more than 
minor difficulty has been encountered, reinstitu- 
tion of parenteral Talwin with gradual withdrawal 
has ameliorated the patient's symptoms. Sub- 
stituting methadone or other narcotics for Talwin 
in the treatment of the Talwin abstinence syn- 
drome should be avoided. 

in prescribing parenteral Talwin for chronic use, 
particularly if the drug is to be self-administered, 
the physician should take precautions to avoid in- 
creases in dose and frequency of injection by the 
patient and to prevent the use of the drug in an- 
ticipation of pain rather than for the relief of pain. 
Just as with all medication, the. oral torm of 
Talwin is preferable for chronic administration. 
Head Injury and increased Intracranial Pressure. 
The respiratory depressant effects of Talwin and 
eits potential for elevating cerebrospinal fluid 
pressure may be markedly exaggerated in the 
presence of head injury, other intracranial le- 
sions, or a preexisting increase in intracranial 
pressure. Furthermore, Talwin can produce ef- 
fects which may obscure the clinical course of 
patients with head Injuries. In such patients, 
Talwin must be used with extreme caution and 
only if its use is deemed essential. 

Usage in Pregnancy. Safe use of Talwin during 
pregnancy (other than labor) has not been estab- 
lished. Animal reproduction studies have not 
demonstrated teratogenic or embryotoxic ef- 
fects. However, Talwin should be administered 
to pregnant patients {other than labor) only 
when, in the judgment of the physician, the po- 
tential benefits outweigh the possible hazards. 
Patients receiving Talwin during labor have ex- 
perienced no adverse effects other than those 
that occur with commonly used analgesics. 
Talwin should be used with caution in women 
delivering premature infants. 

Acute CNS Manifestations. Patients receiving 
therapeutic doses of Talwin have experienced, 
in rare instances, hallucinations (usually visual), 
disorientation, and confusion which have cleared 





spontaneously within a period of hours. The 
mechanism of this reaction is not known. Such 
patients should be very closely observed and 
vital signs checked. If the drug is reinstituted it 
should be done with caution since the acute 
CNS manifestations may recur. 

Usage in Children. Because clinical experience 
in children under twelve years of age Is limited, 
the us2 of Talwin in this age group is not rec- 
ommended, 

Ambulatory Patients. Since sedation, dizziness, 
and occasional euphoria have been noted, am- 
bulatory patients should be warned not to op- 
erate machinery, drive cars, or unnecessarily 
expose themselves to hazards. 

Precautions: Certain Respiratory Conditions. The 
possibility that Talwin may cause respiratory de- 
pression should be considered in treatment of 
patients with bronchial asthma, Talwin should 
be administered only with caution and in low 
dosage to patients with respiratory depression 
(e.g., from other medication, uremia, or severe 
infection), severely limited respiratory reserve, 
obstructive respiratory conditions, or cyanosis. 
Impaired Renal or Hepatic Function. Although 
laboratory tests have not indicated that Talwin 
causes or increases renal or hepatic impairment, 
the drug should be administered with caution to 
patients with such impairment. Extensive liver 
disease appears to predispose to greater side 
effects (e.g., marked apprehension, anxiety, diz- 
ziness, sleepiness) from the usual clinical dose, 
and may be the result of decreased metabolism 
of the drug by the liver. 

Myocardial infarction. As with all drugs, Talwin 
shoulc be used with caution in patients with my- 
ocardial infarction who have nausea or vomiting. 
Biliary Surgery. Until further experience is 
gained with the effects of Talwin on the sphinc- 
ter of Oddi, the drug should be used with cau- 
tion in patients about to undergo surgery of the 
biliary tract. 

Patients Receiving Narcotics. Talwin is a mild 
narcotic antagonist. Some patients previously 
given narcotics, including methadone for the 
daily treatment of narcotic dependence, have 
experienced withdrawal symptoms after receiv- 
ing Talwin. 

CNS Effect. Caution should be used when Talwin 
is administered to patients prone to seizures; 
seizures have occurred in a few such patients 
in association with the use of Talwin although 
no cause and effect relationship has been estab- 
lished. 

Adverse Reactions: The most commonly occur- 
ring reactions are: nausea, dizziness or light- 
headedness, vomiting, euphoria. 

Infrequently occurring reactions are—respira- 
tory: respiratory depression, dyspnea, transient 
apnea in a small number of newborn infants 
whose mothers received Talwin during labor; 
cardicvascular: circulatory depression, shock, 
hyperiension; CNS effects: sedation, alteration 
of mcod (nervousness, apprehension, depres- 
sion, floating feeling), dreams; gastrointestinal: 
constipation, dry mouth; dermatologic including 
local: diaphoresis, sting on injection, flushed 
skin including plethora, dermatitis including pru- 
ritus; other: urinary retention, headache, pares- 
thesia, alterations in rate or strength of uterine 
contractions during labor. 

Rarely reported reactions include—neuromuscu- 
lar and psychiatric: muscle tremor, insomnia. 
disoriantation, hallucinations; gastrointestinal: 
taste alteration, diarrhea and cramps: ophthai- 
mic: blurred vision, nystagmus, diplopia, miosis; 
hematologic: depression of white blood cells (es- 
pecially granulocytes), usually reversible and 


the unextreme 
injectable 


for serious pain 


usually associated with diseases or other drugs 
which are known to cause such changes, moder- 
ate transient eosinophilia; dermatologic: soft 
tissue induration, nodules, cutaneous depres- 
sion, ulceration (sloughing) at the injection site, 
toxic epidermal necrolysis; other: tachycardia, 
weakness or faintness, chills, allergic reactions 
including edema of the face. 

See Acute CNS Manifestations and Drug De- 
pendence under WARNINGS, 

Dosage and Administration: Adults, Excluding 
Patients in Labor. The recommended single 
parenteral dose is 30 mg. by intramuscular, sub- 
cutaneous, or intravenous route. This may be 
repeated every 3 to 4 hours. Doses in excess of 
30 mg. intravenously or 60 mg. intramuscularly 
or subcutaneously are not recommended. Total 
daily dosage should not exceed 360 mg. As with 
most parenteral drugs, when frequent daily in- 
jections are needed over a prolonged period, 
intramuscular administration is preferable to 
subcutaneous. In addition, constant rotation of 
injection sites (e.g., the upper outer quadrants 
of the buttocks, mid-lateral aspects of the thighs, 
and the deltoid areas) is recommended. 

Patients in Labor. A single, intramuscular 30 mg. 
dose has been most commonly administered. An 
intravenous 20 mg. dose has given adequate 
pain relief to some patients in labor when con- 
tractions become regular, and this dose may be^ 
given two or three times at two- to three-hour 
intervals, as needed. 

Children Under 12 Years of Age. Since clinical 
experience in children under twelve years of age 
is limited, the use of Talwin in this age group is 
not recommended. 

CAUTION. Talwin should not be mixed in the 
same syringe with soluble barbiturates because 
precipitation will occur. 

Overdosage: Manifestations. Clinical experience 
with Talwin overdosage has been insufficient to 
define the signs of this condition. 

Treatment. Oxygen, intravenous fluids, vaso- 
pressors, and other supportive measures should 
be employed as indicated. Assisted or controlled 
ventilation should also be considered. Although 
nalorphine and levallorphan are not effective 
antidotes for respiratory depression due to over- 
dosage or unusual sensitivity to Talwin, paren- 
teral naloxone (Narcan®, available through Endo 
Laboratoríes) is a specific and effective antago- 
nist. 

Talwin is not subject to narcotic controls. 

How Supplied: Uni-Amp'™“-—individual unit dose 
ampuls of 1 ml. (30 mg.) and 2 ml. (60 mg.) in 
boxes of 25. 

Ampuls of 1% mi. (45 mg.) in boxes of 10, 25, - 
and 100. 

Each 1 ml. contains Talwin (brand of pentazo- 
cine) as lactate equivalent to 30 mg. base and 
2.8 mg. sodium chloride, in water for injection. 
Multiple dose vials of 10 mi., each 1 ml. contain- 
ing Talwin (brand of pentazocine) as lactate 
equivalent to 30 mg. base, 2 mg. acetone sodium 
bisulfite, 1.5 mg. sodium chloride, and 1 mg. 
methylparaben as preservative, in water for In- 
jection. Boxes of 1. 

The pH of Talwin solutions is adjusted between 
4 and 5 with lactic acid and sodium hydroxide. 
The air in the ampuls and vials has been dis- 
placed by nitrogen gas. 


Winthrop Laboratories, New York, N.Y. 10016 
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Darvon® Compound-65 


SK-LINE 

Smith Kline & French Laboratories 
Division of SmithKline Corp. 
Philadelphia, Pa. 19101 
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SK-65* Compound 






Ours costs 
a lot less + 








SK 65 


COMPOUND 


Each capsule contains propoxyphene HCI, 65 mg.; aspirin 
227 mg.; phenacetin, 162 mg.; and caffeine, 32.4 mg. These are 
also the active ingredients in Darvon® Compound-65 capsules. 


SK B E] 


brand of 


PROPOXYPHENE HCL 
65 mg. Capsules 











The manufacturer s suggested list price to pharmacists of SK-65* Compound in bottles of 500 
is 5096 less than that of Darvon® Compound-65. This does not reflect pharmacy charges which 


will vary from pharmacy to pharmacy depending on the location and services offered. 
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Other scrub products 
cant promise you everything. 





But PRE-OP products can: 
More suds. Better cleaning. More flexible brushes. 
Greater variety. Sterile packaging. 


Sure. some of the other scrub products | sponge-brush combination that can be as 


give you some of these benefits. But only firm or as soft as you wish. Theyre single-use 

PRE-OP products give you all of them. products. so theres no cross-contamination. 

Choose either PRE-OP" Surgical Scrub And theyre economical. too. Available with 

Sponges or PRE-OP plus— the versatile either iodophor or hexachlorophene. 
DAVIS*GECK 


Amencan Cyanamid Company 
Perl River N 4 ^ 


PRE-OP Sponges and PRE-OP plus with hexachlorophene are bacteriostatic skin cleansers for surgical 
scrubbing use only. Hands should be rinsed thoroughly after use. They are impregnated with an 
anhydrous soap concentrate containing the aqueous solution equivalent of 3% w/w hexachlorophene. 
It is not intended for use on burned or denuded skin. for routine prophylactic total body bathing. or for 
general patient care. 





Improved Management of Esophageal Perforation: 


Exclusion and Diversion in Continuity 


HAROLD C. URSCHEL, JR, M.D., MARUF A. RAZZUK, M.D., 


Gastroesophageal reflux interferes with healing of esophageal 
perforations and prolongs the associated complications of 
esophagitis, mediastinitis, empyema and persistent fistula. 
Esophageal exclusion and diversion in continuity, in addition 
to closure, drainage, nutritional support by gastrostomy or 
hyperalimentation, and antibiotic therapy, are advocated for 
most esophageal perforations particularly when diagnosed 
late. Preservation of the esophagus in continuity facilitates 
definitive restorative or reconstructive procedures at a time 
of election. 


SOPHAGEAL PERFORATION is associated with a high 
E risk of morbidity and mortality,?*^? particularly if 
not recognized early or proper therapy instituted 
promptly. In spite of improvement in results with early 
suture of perforation, mediastinal and pleural drainage, 
and antibiotic therapy, recurrence or persistence of the 
fistula with the associated high morbidity and mortality 
remains a problem in manv cases. Reflux of pepsin, acid, 
or bile into the esophagus and extravasation into the 
mediastinum aggravates inflammation, propagates the 
pathology and interferes with healing. 

Recognition of the importance of gastroesophageal 
reflux in many patients with esophageal perforation has 
led to an improved operative approach: 1) exclusion of 
the esophagus by ligation of the cardia to prevent gastro- 
esophageal reflux, and 2) diversion in continuity of oral 
secretions by cervical esophagostomy, in addition to 
prompt closure of perforation, drainage of the mediasti- 
num and pleura, tube gastrostomv, antibiotic therapy 
-and nutritional support. 

Following an interval to allow healing of the esophagus 
and subsidence of mediastinitis, which are accelerated 
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by exclusion and diversion, the esophagus is preserved 
for restorative or reconstructive procedures. Exclusion 
and diversion can be applied initially for perforation of 
thoracic esophagus which are large or recognized late, 
or can be instituted after failure of standar E treatment. 

The purpose of this paper is to report experience with 
six cases of esophageal perforation treated bv esophageal 
exclusion and diversion with reduced morbidity and 
mortality. 


Clinical Material 


The value of esophageal exclusion and diversion in 
continuity in traumatic esophageal perforations is demon- 
strated in six selected patients. Two patients had per- 
forations secondary to dilatation for esophageal strictures, 
associated with hiatal hernia and gastroesophageal re- 
flux; two had spontaneous or postemetic perforations; 
and two patients had associated tracheal injuries, one 
as a result of closed rupture and the other as a result 
of a penetrating missile wound. Exclusion and diversion 
procedures were done initially in three cases and at a 
later stage because of persistence of a fistula in spite of 
adequate drainage and nutritional support in the remain- 
ing three patients. All patients improved promptly after 
institution of exclusion and diversion procedures and the 
perforations healed. Restorative or reconstructive pro- 
cedures of the esophagus can be done after an interval 
to permit resolution of esophagitis, mediastinitis and 
pleural complications. 

The value of exclusion and diversion in reduction of 
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morbidity and mortality suggests its employment initially 

in most perforations of the esophagus, particularly those 

involving the thoracic portion. Two case reports demon- 

strate the value of this procedure performed later after 

failure of standard therapy in one and initially in the 
other. 


Case Reports 


Case 1. A 65-year-old mildly diabetic woman underwent 
esophagoscopy elsewhere for an episode of meat impaction in the 
lower esophagus. A large right esophageal perforation resulted 
which subsequently produced mediastinitis and right empyema. A 
tube thoracostomy drainage was instituted following the diagnosis 
of a perforation. Because of failure to improve, the patient was 
transferred for further treatment five days following perforation. 
The patient was known to have had an esophageal: hiatal hernia, 
symptomatic gastroesophageal reflux and stricture for 15 years. 
Examination revealed an extremely ill, dehydrated, malnourished 
woman with a temperature of 104° F and elevated pulse rate. 
Roentgenograms demonstrated a perforation of the esophagus 
above a stricture in the lower third of the esophagus with medi- 
astinal and pleural involvement. Drainage of the right pleura and 
mediastinum was established and gastrostomy performed. No at- 
tempt was made to close the perforation because of severe esopha- 
gitis and mediastinitis. The esophagus was shortened, edematous, 
and fibrotic. The patient improved with adequate drainage but 
remained febrile and persistently ill with foul drainage from the 
mediastinum and pleura. 

Two weeks after admission, because of the persistent fistula, 
the esophagus was excluded and diverted by placement of two 
umbilical tape ligatures at the cardia through a small abdominal 
incision and cervical esophagostomy in-continuity. 

The patient's condition improved rapidly in a few days with a 
normal temperature and markedly diminished drainage from the 
*mediastinum and pleura. With nutritional support by means of 
gastrostomy, the patient gained weight and was discharged to 
await healing of the fistula. 

After an interval of three months, during which the fistula had 
healed and the mediastinal and pleural complications resolved, 
the patient was re-admitted to the hospital for definitive treat- 
ment. Through a left thoracotomy the esophagus appeared normal 
although shortened. The severe esophagitis previously observed 
had resolved, and the esophagus could be dissected free with 
minimal difficulty. The exclusion ligatures at the cardia were 
identified and removed. Through a small gastrotomy opening it 
was demonstrated that the stricture originally observed by x-rays 
and esophagoscopy had disappeared. 

A Collis gastroplasty!8.9 lengthening the functioning esophagus 
by approximately 5 cm and a Belsey-type reconstruction of the 
new cardial angle were performed to prevent gastroesophageal 
reflux. The cervical esophagostomy was dissected free and closed, 
thus restoring the continuity of the esophagus. The patient’s post- 
operative course was uneventful and she was discharged about one 
week later with normal swallowing function. Two years later, cine- 
fluorography of the esophagus revealed normal function with no 
gastroesophageal reflux or stricture. 

Case 2. A 32-year-old woman sustained a large lower esopha- 
geal perforation secondary to esophagoscopy for dilatation of stric- 
ture, performed elsewhere. She had had difficulty swallowing since 
childhood and the diagnosis of short esophagus and stricture had 
been made. She had longstanding symptoms of heartburn, indi- 
gestion, regurgitation and dysphagia. Multiple dilatations of a 
-lower esophageal stricture 5 cm in length had been done pre- 
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viously. Following the last dilatation, a perforation was suspected 
and the patient was given barium to confirm the diagnosis. Large 
quantities of barium extruded into the mediastinum and retroperi- 
toneal space. She was transferred to the thoracic surgical service 
eight hours following perforation, extremely ill with a temperature 
of 104* F. 2 

Following rehydration and antibiotic therapy, through a left 
thoracotomy a 5 cm long tear beginning above the stricture and 
ending approximately 1 cm above the cardia was found and 
sutured. Because of the known presence of gastroesophagea] re- 
flux, the distal esophagus was ligated with umbilical tape below 


. the perforation at the cardia. The mediastinum, pleura and retro- 


peritoneal space were drained. It was impossible to remove all of 
the barium. Gastrostomy and a cervical esophagostomy in-con- 
tinuity were performed. Following these procedures the patient 
improved rapidly and she was discharged from the hospital with 
drainage tubes in the mediastinum and in the retroperitoneal 
space. A second drainage procedure for retroperitoneal abscess 
from barium extravasation was required, although her perforation 
had healed. 

Six months later, following healing of the mediastinal and sub- 
phrenic abscesses, the esophagus was examined by cinefluorogra- 
phy revealing a patent lower esophagus. A definitive operation 
was performed through a left thoracotomy. Inflammation was mini- 
mal in the area of the previous perforation and the esophagus was 
easily dissected free and the umbilical tape removed from the . 
cardia. Through a transverse gastrotomy at the cardia, an effort 
was made to dilate the longitudinal stricture. This was impossible 
because of severe fibrosis throughout the wall of the esophagus. 
Local resection and a short colon interposition were performed. An 
isoperistaltic segment of transverse colon based on the middle colic 
artery was employed, providing a sufficiently long intraabdomina] 
segment of colon to prevent gastroesophageal reflux. A pyloro- 
plasty was performed and the cervical esophagostomy was closed. 
The patient recovered uneventfully following these operations-with 
a markedly improved swallowing mechanism superior to any she 
could remember. | 

Examination at one year revealed continued satisfactory func- 
tion of the colon interposition by cinefluorography in a patient 
without symptoms. 


Comment 


Case 1 illustrates the persistence of an esophageal 
fistula and its complications in the presence of known 
gastroesophageal reflux. Exclusion and diversion in- 
continuity done late permitted the fistula to heal and the 
severe esophagitis and stricture to resolve. Definitive 
restoration of esophageal continuity was thus made 
possible, utilizing a Collis gastroplasty. 

Case 2 illustrates healing of a perforation after closure, 
drainage, and esophageal exclusion with diversion in- 
continuity done initially in spite of obstruction distal 
to the perforation in a patient with a long history of 
gastroesophageal reflux. Elective definitive reconstructive 
colon interposition was necessary to restore esophago- » 
gastric continuity because of a fibrotic stricture. 

Esophageal exclusion and diversion procedures were 
done initially in addition to closure and drainage for two 
patients with spontaneous postemetic perforations, after 
8 hours in one and 12 hours in the other: Primary healing 
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was demonstrated in both within two weeks, at which 
time patency of the lumen was demonstrated in both 
patients. 


One patient sustained closed rupture of the esophagus 
and trachea in-continuity and was initially treated con- 
servatively because of an error in diagnosis. After a 
tracheoesophageal fistula became evident, esophageal 
exclusion and diversion were performed, permitting 
eventual operative closure of the fistula with restoration 
of continuity of the esophagus. 

The last patient sustained a missile wound of the 
esophagus and trachea necessitating closure of the tra- 
cheal wound and suture of the distal end of the severed 
esophagus. The distal esophageal segment failed to heal 


.requiring eventual exclusion, diversion of the divided 


esophagus having been performed originally: Healing of 
the fistula in the distal end reverted and a reconstructive 
procedure is being planned. 


Technique 


Esophageal Exclusion and Diversion In-continuity 


At the initial thoracotomy, the esophageal perforation 
is sutured, mediastinal and pleural drainage instituted, 
and an umbilical tape inserted around the esophagus 
over a piece of Teflon felt below the perforation and 
above the cardia and deep to the vagus nerves (Fig. 1). 
The Teflon felt band is sutured and the ligature tied 
firmly but with care to avoid strangulation of tissue. 
Initially, this prevents reflux of gastric contents into the 
esophagus and the area of perforation. Later, in three 
of. six cases, a minimal lumen within the ligature has 
been demonstrated by water soluble contrast material 
after the perforation has healed and the edema and in- 
flammatory reaction have subsided. A gastrostomy is con- 
structed in the left upper quadrant of the abdomen. 

Diversion is accomplished by mobilization of the cer- 
vical esophagus in-continuity, care being taken to pre- 
serve the blood supply and avoiding injury to the 
recurrent laryngeal nerves. A longitudinal or oblique in- 
cision, approximately one and one-half centimeters in 
length, is made in the esophageal wall and the muscu- 
laris and mucosa are sutured to the subcutaneous fascia 
and skin with interrupted 4-0 silk (Fig. 1). 

. Interval closure is effected easily by dividing the 
esophageal cutaneous suture line, minimally mobilizing 
‘the esophagus and closing the esophagostomy trans- 
versely with two layers of interrupted 4-0 silk sutures. 
The technique for diversion is simple, expedient, avoids 
compromise of the esophageal lumen and has the advant- 
age of preserving the esophagus in continuity. 
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Fic. la. Ligature is placed on the esophagus above the cardia, 
below the perforation, and deep to the vagus nerve. 


Definitive Restorative or Reconstructive Procedures 


At a time of election after improvement of nutrition 
and healing of the perforation, a left thoracotomy is 
performed. The esophageal ligature is removed with 
ease and a transverse gastrotomy made in the stomach 
approximately one centimeter below the cardia. The 
esophageal lumen is examined and if a stricture is present, 
it is dilated in retrograde fashion or perorally using a 
Hegar dilator or Maloney bougie. Esophageal lengthen- 
ing can be achieved by a Collis gastroplasty if necessary, 
combined with a Belsey type reconstruction of the new 
cardia to prevent gastroesophageal reflux. 

lf the stricture is fibrotic and cannot be dilated, it can 
be resected and a short segment of transverse colon 


Fic. lb. Cervical esophagos- 
tomy in continuity sutured to 
subcutaneous tissue and skin. 
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mobilized and interposed to restore esophagogastric con- 
tinuity. The interposed segment of colon extends well 
into the subphrenic region, being anastomosed to the 
posterior wall of the stomach approximately one-third 
of the distance distally from the cardia to prevent gastro- 
colic reflux. Concomitant pyloroplasty is necessary as a 
drainage procedure because of the vagotomy associated 
with the resection. The gastrostomy tube is left in place 
for two to three weeks following this procedure and may 
be removed as an outpatient procedure. 

For patients without stricture, a procedure to prevent 
reflux should be performed, employing the Collis gastro- 
plasty to provide additional length if it is necessary. 


Discussion 


Gastroesophageal reflux of acid pepsin or bile inter- 
feres with healing of esophageal perforations and pro- 
longs the associated complications of esophagitis, me- 
diastinitis, empyema and persistent fistula, resulting in 
high morbidity and mortality. Recumbency, any obstruc- 
tion at the pylorus, or incompetency of the esophageal 
sphincteric mechanism result in greatly increased regurgi- 
tation into the esophagus. A patient with any degree of 
tolerable reflux may have an exacerbation of its con- 
sequences in association with gastrointestinal upset, pain 
or confinement to bed by trauma, or other illness. Re- 
cumbent reflux is increased by an in-lying nasogastric 
tube through a patulous cardia, particularly in the coma- 
„tose, narcotized, postoperative or acutely ill patient with 
underlying gastroesophageal disease or trauma. 

Esophageal exclusion and diversion in-continuity pre- 
vents gastroesophageal reflux and diverts the flow of oral 
secretions. Performance of these procedures in continuity 
preserves the esophagus and facilitates definitive restora- 
tive or reconstructive procedures. In addition, severe 
esophagitis and strictures may be reversible by preven- 
tion of reflux of acid pepsin or bile. 

Previously reported exclusion procedures have been 
total in that the esophagus has been interrupted and 
closed* thus sacrificing or, at best, jeopardizing definitive 
reconstructive procedures. Resection of the perforation 
and esophagogastrostomy as previously advocated for? 
perforations proximal to an obstructive lesion are asso- 
ciated with a high early mortality risk, and later this risk 


DISCUSSION 


Dr. Jonn L. Sawyers (Nashville): I congratulate Dr. Urschel 
on a very significant paper on the management of esophageal per- 
foration, which continues to be a very challenging problem. 

When I first read this abstract, I thought this appeared to be a 
very aggressive approach to the management of esophageal per- 
forations, but after reviewing our experience with sixty-four pa- 
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may be prohibitive. Exclusion in continuity may be done 
early or late with lower risk and severely infected areas 
avoided, even in the presence of obstruction by distal 
strictures. 

Although cervical and small perforations in the thoracic 
esophagus may heal with drainage and antibiotic therapy 
with or without closure, exclusion and diversion in con- 
tinuity may well be indicated in most larger per- 
forations of the thoracic esophagus. The morbidity and 
mortality of these perforations being high, it seems rea- 
sonable to add exclusion and diversion in continuity to 
closure and drainage to permit primary healing, shortened 
morbidity and lower mortality risk. The esophagus is 
thereby preserved and definitive, restorative or recon- 
structive procedures can be done at a time of election. 

Conditions other than traumatic perforations of the 
esophagus which may benefit by esophageal exclusion are 
severe bleeding from esophagitis secondary to gastro- 
esophageal reflux, esophageal fistula following pneumo- 
nectomy, and congenital or acquired tracheoesophageal 
fistula. 
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tients who sustained an esophageal perforation, I think that our 
data supports this aggressive approach. 

We found that the incidence of esophageal perforation second- 
ary to trauma and to spontaneous rupture has increased during 
the past decade, but the number of iatrogenic perforations, espe- 
cially from esophageal instrumentation, has decreased. 

The necessity for early diagnosis and aggressive management is 
apparent from mortality figures, which in our experience, were 
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13 per cent for patients treated within twenty-four hours of the 
perforation, but rose to 56 per cent mortality for patients who 
had a delay beyond twenty-four hours before initiation of treat- 
ment for esophageal perforation. 

Location of the esophageal perforation was an important factor 
in prognosis, as none of our treated patients with a perforation of 
the cervical esophagus died, in contrast to a 35 per cent mortality 
rate for perforations of the thoracic and abdominal esophagus. 
Improved aggressive management of esophageal perforation, as 
outlined by Dr. Urschel and his associates, may help to lower this 
mortality rate. 

I would like to ask him if he thinks that this new method of 
treatment is necessary for perforations that are recognized early— 
say, within the first eight hours? 


Dr. PauL Apxins (Washington, D. C.): I rise to offer, perhaps, 
an alternative method of management for the intermediate phase 
of esophageal perforations. I think most of us would agree that in 
the patient who has a relatively normal or nonstrictured esopha- 
gus, if they can be operated upon early, in the first six to eight 


X^ hours, primary closure yields reasonably good results. On the other 
* hand, the period from eight to eighteen or twenty-four hours is a 


grey area, and in lieu of the multiple, staged procedures that 
Dr. Urschel has discussed, we have had some experience with the 
Thal fundic patch in this situation, and we believe it has con- 
siderable merit. 

(Slide) I believe most of you are familiar with this patch pro- 
cedure. It utilizes the fundus of the stomach, sutured after widely 
opening the area of perforation. It has the advantage of allowing 
you to debride the edematous and friable esophagus adjacent to 
the perforation, cutting back to normal esophagus, and then bring- 
ing the fundus of the stomach up as a patch, even in those pa- 
tients who have some degree of preexisting stenosis, without 
having to worry about compromising the lumen of the esophagus 
in achieving a closure. 

(Slide) This shows the suture of the fundic patch over the 
esophageal opening. Again, you can cut back to half or more of 
the lumen of the esophagus, utilizing the fundic patch for closure, 
and still retain an adequate lumen. This can be ensured by pass- 
ing a large dilator down through the esophagus at this stage, and 
assuring that you have a satisfactory lumen during the closure. 

(Slide) We would agree with Dr. Urschel thoroughly that 
elimination of esophageal reflux is an important consideration in 


*—the management of this problem, and consequently, in contradis- 


r 
f 


tinction to early experiences with the fundic patch, in which the 
patch alone was used, we believe that in addition to the patch, a 
fundoplication or more of the stomach should be brought up 
around not only the patch, but above the patch, in this fashion, 
so that one not only eliminates or minimizes reflux, but you in 
addition have an insurance policy in terms of the secure closure ‘of 
your esophageal perforation. 

We have had the opportunity in recent years to use this on six 
patients, one with a spontaneous rupture and give with instru- 
mental perforations of the distal portion of the esophagus. One 
patient died, not from empyema, but died in the hospital of a 
coronary occlusion. The remaining five patients survived, did well, 
with minimal or no reflux, and no significant other complications. 

So we would recommend this as an alternative procedure in the 
patient operated upon, between eight and eighteen hours after 
the perforation. Three of these ‘six patients that we operated on 
were over eight hours following the perforation, and the longest 
was eighteen hours, and all this group did well. So we believe 
this offers a single, definitive operative procedure in the manage- 
ment of this situation, at least in the first twenty-four hours. 


Dr. Mark M. Ravrrcu (Pittsburgh): I think this is too much 
surgery to do in a staged procedure, in spite of the good results. 
This is, of course, the application in 1973 of the procedure which 
Dr. B. N. Garter of Cincinnati employed for congenital tracheo- 
esophageal fistula about 1941. 

It is our practice on the very early cases either to suture the 
laceration or the rupture or to perform a definitive operation, as 
suggested by Dr. Adkins. 
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In the late cases—and I have only got two to talk about—with 
a great, big, dirty hole and empyema, there is nothing simpler 
than to put a large mushroom catheter right into the esophagus 
through the opening, put a drain alongside of it, and come out. 
You will get an esophageal fistula which will clear without much 
of a problem, and this is a single operation. If one then needs a 
secondary procedure some time in the future, one can consider it, 
but one isn't forced to it. 


Dr. DoNaLD L. PaursoN (Closing discussion): I appreciate 
Dr. Sawyers’ remarks in supporting our thesis and pointing out 
the high mortality for perforations of the thoracic esophagus—in 
his series, 15 per cent—and in many of these cases, even though 
the patient survives the acute emergency, the morbidity can be 
excessive. 

Mr. Barrett of England many years ago called attention to the 
fact that even though the patient survived the acute emergency, 
he may get into a chain of events with irretrievable complications 
which may eventually cause his death. 

We agree with Dr. Adkins and Dr. Ravitch that closure imme- 
diately and, if possible, a definitive procedure at that time be 
done, but what we are talking about are perforations above an 
obstruction diagnosed late. In the two cases Dr. Urschel detailed 
for you, the accepted treatment heretofore has been resection, 
esophagogastrectomy and esophagogastrostomy because of the ob- 
struction below the perforation. In these patients in whom the 
perforation occurred proximal to benign strictures duc to gastro- 
esophageal reflux, we have been impressed that by simple ligature 
of the cardia in continuity, reflux was prevented with resulting 
resolution of the severe esophagitis present and healing of the 
perforation or fistula. 

We then applied this for the spontaneous perforations, and 
I think we would all, if we have had much experience with spon- 
taneous perforations, have had the experience of closures of these 
perforations reopening several days after closure. Unforfünately, 
we do not see them all within the first six or eight hours, the 
diagnosis being delayed in many cases. 

We believe that esophageal exclusion and diversion in con- 
tinuity is advantageous in that the esophagus is preserved. It's an 
expedient procedure to correct the reflux and to permit healing. 
In many cases the sutured perforation may remain closed for sev- 
eral days only to reopen secondary to gastroesophageal reflux. It 
makes little difference whether the patient has gastroesophageal 
reflux before his traumatic perforation or not. With any illness or 
trauma, the consequences of reflux through a patulous cardia are 
apt to be exacerbated in association with gastrointestinal upset, 
mediastinitis, pain and confinement to bed. Furthermore, recum- 
bent reflux may be increased by a tube through the patulous 
cardia, particularly in the comatose, narcotized, postoperative or 
acutely ill patient with underlying gastroesophageal disease or 
trauma. 

We are aware, of course, that esophageal exclusion in continu- 
ity has been used before for congenital tracheoesophageal fistulas 
and as a complete or total exclusion (with division and suture of 
the esophagus) for persistent fistulas following spontaneous rup- 
ture, as reported by Johnson, Schwegman and Kirby. We are 
impressed, however, that by simple ligature exclusion and diver- 
sion of the cervical esophagus in continuity there are obvious 
advantages of preservation of the esophagus permitting it to be 
used in definitive reconstructive procedures. In addition, the con- 
sequent lowering of morbidity and mortality obviously answers 
any objections to multiple procedures. 

We would advocate that exclusion and diversion in continuity 
be considered as a simple expedient in most perforations of the 
thoracic esophagus in view of the very high morbidity and mor- 
tality inherent in this condition. It should particularly be applied 
to those perforations which are referred late. We would not use 
it in all perforations but we would use it in some patients within 
the first six or eight hours, particularly in those with a distal ob- 
struction. I doubt that a mushroom catheter or balloon would heal 
such a perforation. 
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The response of a Department of Surgery to an emergency 
mass casualty situation is described. The logistical prob- 
lems involved in providing surgical care to seriously in- 
jured casualties in a maximum security prison are discussed 
and the role of the base hospital is reviewed. Only two late 
deaths occured. The personnel, equipment, and experience 
of the trauma center at the base hospital greatly facilitated 
the response to a crisis situation. 


HE Atrica CORRECTIONAL FAcrLITY is a maximum 

security institution which at the time of the uprising 
housed approximately 2200 inmates. On September 9th, 
. 1971, 1200 rebellious convicts captured 39 hostages. The 
inmates and hostages spent the next 4% days in their 
“Tent City” in D-block yard. On “Bloody Monday” some 
600 State Troopers along with 300 Sheriffs Deputies 
assembled inside the facility. 

About 200 troopers were selected for the assault wave 
and equipped with Day-glo orange raincoats, riot hel- 
mets, gas masks, rifles, shotguns, pistols, and gas-projectile 
guns. The assault began with a helicopter dropping gas 
cannisters in the D-block vard followed by an explosion 
of gun fire. The initial shooting came from the sharp- 
shooters on the roofs attempting to free the hostages. 
The remaining troopers came through the tunnels and 
over the catwalks into the D-block yard (Fig. 1). 

Within approximately one-half hour there were 38 
deaths and 83 wounded individuals. When the shooting 
started there were only two regular Facility physicians 
present and a few surgical residents (members of the 
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National Guard). The prison infirmary is a 30-year-old, 
three story building containing 50 beds, a large operating 
room, x-ray room, laboratory, dental offices, several clinic 
rooms, and a pharmacy. The infirmary is approximately 
300 yards from the D-block yard. 


Initial Response and Assessment 


Because of a prior relationship with the Edward J. 
Meyer Memorial Hospital (base hospital) the first re- 
quest for surgical assistance was received by the depart- 
mental head (WGS) shortly after the assault began. 
The number of casualties and the magnitude of injuries 
at that time were completely unknown. The base hospital 
is approximately 35 miles away from Attica. The depart- 
mental head and two senior surgeons (RWW and GPB) 
drove immediately to Attica to assess the situation and 
mobilize additional personnel as required. It was evident 
that mass casualty circumstances existed, since 40-50 
wounded casualties lay on stretchers at an assembly 
point outside the infirmary, or distributed along the 
corridors and in rooms on the first floor. The surgical 
residents, mobilized by the National Guard the day 
before, were ready on the scene and were initiating 
resuscitation of the most seriously injured. 

The departmental head very quickly commandeered 
an office with a telephone and arranged the following: 


1. Mobilization of additional help—doctors, nurses, 
laboratory technicians, ambulances and drivers from 
the base hospital. 

2. Shipment of whole blood from the Buffalo and 
Rochester regional blood banks. e 
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Fic. 1. Aerial photograph of Attica Prison (Courtesy of Buffalo 
Evening News). 





3. Movement of five complete operative units regularly 
used for the basic animal experimentation carried 
out as part of the trauma research effort at the base 
hospital. 

4. Acquisition of other necessary pharmaceutical sup- 
plies from the base hospital. 

5. Initiation of the disaster plan at the base hospital. 


At the same time, the senior surgeons began triaging 
the casualties in preparation for operation in the operat- 
ing room on the third floor. The operating room is of 
sufficient size to allow two simultaneous surgical pro- 
cedures. The first floor of the infirmary was organized 
into a receiving room where patients were first brought 
and undressed. Because of heavy rain, all clothing was 
wet and had become saturated with tear gas. One of the 
surgeons and a surgical resident were present at all times 
to supervise the clothing removal to prevent any further 
injuries. Each patient was completely examined and his 
injuries listed on a tag attached to the wrist. 

An area was set aside as the morgue and an area for 
the most seriously injured as an expectant ward. Within 


TABLE 1. Sites of Gunshot Wounds 





Abdomen/Chest 
Skull and Brain 
Open Fractures 
Femur 
Tibia 
Scapula 
Humerus, radius, and ulna at elbow 
Hand 
Fibula 
Talus 
Soft Tissue Wounds 
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* These were 16 major fractures in 12 patients. 
t One required below-knee amputation secondary to massive 
desgruction of soft tissue and blood vessels. 
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a short period of time, the casualties had been divided 
into four treatment categories: 


1. Ambulatory care—those with minor wounds to be 
discharged after first aid. 

2. Delayed treatment—those admitted directly to 
wards for delayed treatment. 

3. Immediate—immediate surgery or resuscitation. 

4. Expectant—those for whom only palliative treat- 
ment was indicated. 


By this time, several volunteer physicians had arrived, 
as well as additional surgeons, anesthesiologists and 
nurses from the base hospital trauma center. The work 
was subdivided as follows: 


Ambulatory Care 


Under the supervision of a volunteer surgeon with 
Korean experience, the surgical residents used the operat- 
ing units from the base hospital to treat all ambulatory 
wounded. Several teams of residents worked simulta- 
neously in debriding, irrigating, and packing minor 
wounds. The patients were then transferred to a rehabili- 
tation unit (E-block). In addition, other inmates who 
appeared to have insignificant injuries were placed in 
this area. Approximately every 30 minutes a surgical 
resident and an experienced nurse from the trauma cen- 
ter made rounds on these patients. 


Delayed Treatment 


Patients were selected while in the receiving room 
to be sent to E-block or the hospital ward on the second 
floor. Diagnostic tests such as x-rays were delayed only 
long enough to process the more serious injuries. Some 
of these patients had gunshot wounds of the abdominal 
wall with suspected peritoneal penetration and close 
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Fic. 2. Ammunition used by lawmen in the assault consisting of 
2-0 buckshot and 270 caliber shells. 
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Ballistics Chart 








Bullet Weight 
'Type of Car tridge (grains) 





Muzzle 
22 Long Rifle 40 1335 1045 
38S & W 146 685 620 
308 Win. (M14) 150 2860 2570 
223 (M16) 55 3300 2830 
130 3140 2850 


270 Win. 





observation was needed. A team of physicians and nurses 
made frequent rounds on these patients. 


Immediate Treatment 


The main first aid room was used for emergency cardio- 
respiratory resuscitation. Two patients were treated 
simultaneously. After resuscitation patients were trans- 
ferred to holding areas on the second or third floor to 
await operation. As other patients arrived and were 
resuscitated, new priorities were assigned as to when 
operation would be performed. 


Expectant Care 


A small area adjacent to the main emergencv room 
was set aside for giving palliative treatment only. Initially 
9 patients were placed there. All had intravenous infu- 
sions started and blood samples taken for typing and 
crossmatching. Transfusion was commenced as soon as 
the blood was obtained. Blood supplies arrived approxi- 
emately 1% hours after being requested. Two of the pa- 
tients were clearly unsalvagable. One was brought 
without reflexes, unresponsive and expired within min- 
utes. The other patient was in severe shock and expired 
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Fic. 3. Head injury with two separate penetrating missiles within 


the skull. 


Velocity (ft./sec.) 


100 vds. 























Energy (ft. lbs.) 
200 yds. Muzzle 100 yds. 200 yds. 
= 158 97 - 
m 345 255 a= 
2300 2730 2200 1760 
2400 1330 975 700 
2580 2840 2340 1920 
within one-half hour. As the total number of serious 


injuries was not as high as was initially expected, the 
remaining patients were moved from this area to the base 
hospital ior operation. 


Laboratory, X-ray, Operating Room Facilities 


Laboratory technicians and equipment from the base 
hospital were moved into the existing laboratory. Within 
a matter of two hours the laboratory was performing 
hemograms, blood typing and crossmatching, and blood 
glucose estimations. Blood glucose values were essential 
as there were several diabetic patients who had been 
in the D-block yard for the previous 4$ days without 
insulin. A small room adjacent to the laboratory was 
used as the morgue. 





Fic. 4. Bilateral hemopneumothoraces treated by tube thoracos- 
tomies only. 
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Fic. 5. Multiple penetrating abdominal injuries with perforations 
of large and small bowel treated by immediate laparotomy. 


An obstetrical-gynecological resident interpreted the 
x-rays taken and attached reports to the patients as they 
were moved within the infirmary. This was important 
as the x-ray department was quite small and the possi- 
bility that an x-ray could have been mislaid or a report 
attached to the wrong patient was great. In a mass 
casualty situation, x-rays have to be rapidly interpreted, 
reports attached to the patient and x-ray films labeled 
with names. 

Approximately three hours after the assault, the op- 
erating room was functioning and two operations were 
commenced simultaneously. A major abdominal proce- 
dure was done on one table and open fractures were 
debrided on another. The operating room nurses kept a 
record of the operative findings on a sheet of paper on 
the wall near the appropriate table. Ten procedures 
were performed on the day of the assault. 


Base Hospital 


At this time at the base hospital steps were taken to 
receive approximately 60 casualties. The director of the 
trauma unit (JRB) had remained at the center to super- 
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Fic. 6. Gunshot wound of el- 
bow with severe comminution 
and loss of all distal nerve func- 
tion. 





vise. The disaster plan was enacted and the following 
steps were taken. Hospital security forces cordoned off 
all entrances to the hospital grounds to prevent visitors, 
newsmen and families of the casualties from entering the 
hospital. There had been some minor riots in the city 
and therefore no one without a hospital pass was allowed 
on the grounds. Two floors of the surgical wing of the 
hospital were evacuated to allow the estimated 60 casual- 
ties to be admitted. A second intensive care ‘nit was 
established on an adjacent floor. 

The entire operating room personnel were alerted and 
extra teams of nurses came to the hospital. Several staff 
surgeons were contacted and were at the hospital toe 
help perform the operative procedures. All senior surgical 
specialists were brought to the emergency room to assist 
in the initial triaging of the casualties. The emergency 
department was evacuated and all new patients were 
referred to other hospitals. 


Fic. 7. Open comminuted frac- 
ture of femur. There were four 
similar injuries. 





Fic. 8. Typical high velocity 
gunshot injury showing large 


exit wound on fibular aspect. 





When the first serious head injury was seen at Attica, 
there were no neurosurgical capabilities. Two head in- 
juries were in the first group transferred to the base hos- 
pital. These inmates were quickly fingerprinted and 
photographed as several of the injured had not been 
identified at this time. Because the base hospital had 
been partially stripped of its blood supplies and house 
staff, each patient was shipped via ambulance with typed 
and crossmatched blood, a surgical resident, and a se- 
curity guard. The inclement weather prevented any heli- 
copter evacuation during this time. The base hospital 
accepted nine patients for surgery on the first day. 

Some 12 hours after the assault all of the seriously 


Fic. 9. Arteriographic demon- 
stration of vascular injury in an 
open fracture of the tibia and 
fibula with massive soft tissue 
damage resulting in below knee 
amputation. 
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wounded patients had been treated or were being op- 
erated upon either at Attica or the base hospital. Only 
two patients had expired who had reached the medical 
facility. There were two other late deaths which occurred 
after long complicated hospitalizations. 


Types of Injuries 


The distribution of injuries is depicted in Table 1. 

The weapons used were high powered rifles, (270 
caliber) with telescopic lenses. The 270 ammunition is 
a soft nosed expansile missile. These were used by the 
sharpshooters on the roof. The remaining state troopers 
used 12 gauge shotguns loaded with 2-0 buckshot (Fig. 
2). The 270 caliber weapon has a much more destructive 
effect on tissues than either the World War II American 
rifle or the modern M 16 rifles (Table 2). 

A wide variety of serious injuries was encountered. 
Examples of the types of injuries sustained are depicted 
in Figs. 3-9. The two patients who required craniotomy 
recovered with no neurological deficits. The three open 
chest wounds were treated by tube thoracostomy and 


did not require thoracotomy. All patients with penetrating 


abdominal wounds had been struck by more than one 
projectile. There were three similar injuries of the elbow. 
Several patients suffered multiple wounds. 

Apart from the gunshot injuries, other condtions re- 
quired treatment including 13 major lacerations. At least 
20 inmates were treated for diabetes, epilepsy, heart 
failure, and asthma during this time. These patients had 
been in the yard 4% days without medications. There 
were no serious injuries as a result of blunt trauma or 
ill effects of the gas used. 

The major problems encountered were the initial lack 
of preparation for medical care before the assault, short- 
age of medical personnel, the lack of supplies immedi- 
ately available such as blood, and traction equipment. 
Minor problems included the inclement weather which 
kept the tear gas throughout the institution, inability to 
use the helicopters for evacuation of the wounded, and 
the minor restriction on moving patients because of 
security. In spite of this, as has been previously men- 
tioned, only two patients who reached the facility ex- 
pired. 

At the end of the first day it was discovered that the 
record keeping was not complete. Although there were 
more than enough medical personnel present there were 
not enough clerks assigned to keep the patients’ records 
together. Much book work had to be performed the 
following day. 





DISCUSSION 


Dr. BRANHAM B. BAUGHMAN (Frankfort): We have two prisons 
in Kentucky, one a maximum security prison in Western Ken- 


J 


tucky, at Eddyville; the population is about 300 to 500. The one 


in which I work is a medium security prison. We have now about 
1500; we run 1500 to 2000 inmates. 

I'd like to report one case to you which is a fair sample of the 
kind of trauma that we receive. This young man was twenty-five. 
On the 22nd of November he received two stab wounds throygh 


» 
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the left lower chest and upper abdomen. F operated on him in a 
couple of hours, and found the following: perforations of the 
splenic Hexure, the spleen, the stomach, liver, mesenterv, and 
diaphragm. 

: I sutured 
the idR Ber ne ee n, FM pow per fortu 
natelv, we have plentv of blood. We use inmates, and have no 
trouble getting volunteers for blood transfusion. We gave him 
blood. We had nasogastric suction. We had antibiotics. 

A couple of weeks later (slide) he « developed empvema that 
was right substantial t did, first, a closed drainage, and that 
didn't work: a short time after that, did a rib resection, and 
drained his empyema. 

(Slide) He recovered from this without any particular prob- 
lem, We then, due to he; infection w a we had and ne exten- 


and r ve a "eoe pos S. q a. r ae ul e 
healed up rea! voll. Then I repaired him with that material which 
was so ablv promoted by a beloved member of this Association. 


po the late Dr. Amos Koontz, one of the biggest pieces of tantalum I 


ever used I put in this felow's incisional hernia. 

(Slide) There he is with his sutures in, This was nine months 
after the original injurv, and (slide) he recovered completely, 
and his hernia did not recur, and he had no further altercations. 

This is just a sample of what we see in Kentuckv, and Fm 
just thankful that we haven't had what Dr. Schenk has had. 


Dr. fous €. McDonaro (New Orleans): In 1966 while a 
junior member of Dr, Schenk’s faculty, I had the opportunity to 
spend almost three months at Attica prison doing some 150 skin 
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transplants on fifty volunteers from that institution. While there, 
the lack of health facilities and personnel to provide adequate 
surgical care to such a large population of people was quite 
apparent, 

After relating the situation to. Dr. Schenk. he undertook to im. 
prove thie situation without any outside pressure, He set about to 
establish the appropriate arrangements whereby his institution 
could provide that care for Attica prison. And the tragic course 
of events, E think, has demonstrated the valie of that judgment, 
not only to the inmates involved, but to a large number of peace 
officers 

I think there is a larger moral to this story. and that is that 
many of our pen: i puri dn have medical facilities which are 
really not adequate to provide modern care for the inmates, and 
they are certainly not prepared te deal with mass casualty situa- 
tione: and some sort of a haison between such institutions and 
educational institutions. will be of great benefit not only to the 
inmates and the penal program, hut also of educational value to 
manv of our institutions. 


Dr Ricuanp Wo Wiriiawrs (Closing discussion) To will be a 
hit philosophical in mv closing remarks. The New York State 
investigating committee has concluded, among other things, that 
there was inadequate medical preparation prior to the assault and 
a poor choice of we: apons and ammunition used bv the peace 
officers, And although we can honestly sav that onr medical care 
was more than adequate, the fact remains that 43 inmates and 
guards « lied oy oe fire. 


dubi: Shuabios; M ounce of Bcc has to he better than 
several tons of cure. 


The Use of Excisional Therapy in the 


Although polyvalent antivenin has been a basic principle 
in the conventional medical treatment for snake bitten pa- 
tients, its effectiveness may be hindered because of allergic 
reaction to protein moiety in a substantial number of pa- 
tients receiving the antisera. Many other methods of treat- 
ment have been advocated, and the true efficacy of the 
modalities advocated remains questionable. Early surgical 
excision of the envenomated area is advocated as the method 
of managing patients with snakebite based upon the finding 
that the bulk of deposited venom will remain in the area of 
bite, and mechanical removal of the tissue containing in- 
jected venom can conceivably aid in eliminating the local 
venomous toxicity and reducing the magnitude of systemic 
intoxication. The clinical experience accumulated from treat- 
ing 54 patients over a three-year period supports this concept 
of treatment. 


LTHOUGH POLYVALENT ANTIVENIN has been the main- 
A stay of conventional medical treatment for snake- 
bitten patients,® the use can be limited because of the 
allergic reaction to the protein moiety of antivenin.’ In 
recent years, the use of cryotherapy,’ corticosteroids, 
ACTH, and antihistaminics,’ used either singularly or 
in combination, has been advocated in the management 
of snakebite. However, the clinical value of these meth- 
ods of treatment is extremely difficult to assess. The con- 
troversy in the management of these patients is largely 
due to the lack of information and understanding regard- 
ing the chemical compositions of the snake venom and 
its pathophysiologic effects responsible for the pathogene- 
sis of various manifestations encountered. 

The bulk of injected venom has been found to remain 
in the subcutaneous tissue compartment for a period 
of time following envenomation.’? Surgical removal of 
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the deposited venom is, therefore, possible if the tissue 
around the vicinity of the bite is excised soon following 
the accident. Fifty-four patients bitten by poisonous 
snakes have been treated in this manner at The Univer- 
sity of Texas Medical Branch Hospital during the past 
three years. The clinical experience accumulated from 
managing these patients forms the basis of this report. 


Clinical Materials 


Patients 


All but one have received the primary care at The 
University of Texas Medical Branch Hospital. There 
were 36 male and 18 female patients. The age of patients 
ranged from 22 months to 59 years (Table 1). The 
dorsum of the foot and the ankle were the most common 
site of bite. In contrast, the tip of fingers and the base 
of the thumb were particularly vulnerable to enveno- 
mation when it involves the upper extremeity (Table 2). 
All patients showed cardinal signs of snakebite charac- 
terized by fang marks, pain, swelling, ecchymotic dis- 
coloration and parathesia in and around the area of 
envenomation. In eight individuals, the area surround- 
ing the fang marks was noticed to be anesthetic and the 
excision of tissue was carried out without the use of 
local anesthetic. Complaints of giddiness, nausea, and 
vomiting were encountered in one-third of the patients 
most 3-8 hours following the accident. 


Excisional Therapy 


Except for two individuals, all patients were trans- 
ported to the University Hospital Emergency Room 
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TABLE Í. Age and Sex Distributions 

Age range in years No. 

0- 5 4 

6-10 4 

11-20 18 

21-40 10 

41-60 18 
Sex Distributions 

Male 36 

. Female 18 


within two hours following the accident (Table 3). 
Almost all of them had the tourniquet placed around 
the area of bite. Surgical removal of the envenomated 
tissue was carrried out in the Emergency Room once 
the diagnosis was established. Excision of the tissue 
containing snake venom is achieved by elevating a skin 
flap to expose the tissue underneath. The margin of 
ecchymotic discloration rather than the area of edematous 
swelling is used to determine the exact extent of the 
wound. The entire thickness of subcutaneous tissue with 
hemorrhagic change was removed (Figs. 8, 9). If, on the 
other hand, construction of a skin flap is not feasible, the 
skin and subcutaneous tissue may be excised. With ex- 
perience, it is found that a skin flap can be better de- 
signed in the hand while excision of the skin and sub- 
cutaneous tissue with subsequent grafting of the wound 
with defatted skin can be more conveniently accom- 
plished in the lower extremity (Figs. 3-5). Larger vessels, 
nerves and tendons were left undisturbed. In case that 
the hemorrhagic changes were found to involve the 
muscles, that portion of the muscle was also excised. In 
some instance when adequate hemostasis could not be 
properly achieved due to coagulatory derrangements, the 
closure of the skin flap or grafting of the wound was 


delayed. 


Laboratory Studies 


A battery of laboratory studies which include pro- 
thrombin time, partial thromboplastin time, serum 
fibrinogen level and platelet count, were obtained upon 
the patient's arrival. Depending upon the extent of der- 
rangement found, these studies were repeated regularly 
to ascertain the progression of clotting abnormality. 
Diminished prothrombin. activities were found to be the 
most common abnormal finding in the study. Transient 
depression of the serum fibrinogen level was found in 
16 of 48 patients studied. Although hypofibrinogenemia 
may last as long as 72 hours, a rebound increase in serum 


TABLE 2. Site of Bite 
Upper Extremity 18 
Lower Extremity 36 
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TABLE 3. Time Delay in Receiving Treatment 
0-1 Hrs. 8 
4-1] Hrs. 33 
1-2 Hrs. I1 
Delay exceeded 2 hours 2 


fibrinogen level was quite common. Afibrinogenemia was 
encountered in one individual and was treated with a 
fresh blood transfusion. Although an extreme throm- 
bocytopenia which is believed to reflect an envenoma- 
tion of severe magnitude, was found in two patients, 
only one required transfusion ( Table 4). 

A “burring” phenomenon of the erythrocytes char- 
acterized by a morphological change of the red blood 
cell resembling a mulberry was found in 30 out of 34 
patients examined. Since this phenomenon is readily 
elicited by a minute amount of snake venom in the cir- 
culation and depending upon the number of burred 
erythrocytes observed in patients’ peripheral blood, it is 
considered to be of great aid in establishing the diagnosis 
of snake-bite (Fig. 1). 


Ancillary Treatment 


Once the diagnosis of snakebite is established, all pa- 
tients were admitted to the hospital for close observation. 
The onset of bleeding diathesis due to complete der- 
rangement of the coagulatory mechanisms may not be- 
come apparent for several hours, and therefore, a close 
observation for evidence of clotting abnormalities is con- 
sidered mandatory. Broadspectrum antibiotics were given 
in all patients. No antivenin was given except in two” 
individuals. The use of polyvalent antivenin is reserved 
for those with systemic manifestations indicating an 
envenomation of severe magnitude. 


Complications 

No mortality was encountered in this group of patients. 
However, a partial necrosis of skin flaps, especially in 
the lower extremity, was seen in four individuals. None 
of them required secondary revision. Loss of full thick- 
ness skin graft was seen in two patients. Only one re- 
quired a secondary re-grafting of the wound. In one in- 
dividual, osteomyelitis had developed in the metatarsal 
bones following excision. This required repeated seques- 
terectomy. The resulting deformity of the foot, however, 


TABLE 4. Laboratory Findings 


No. ( 4-)/No. Exam 


Hypoprothrombinemia 22/48 
Thrombocytopenia 8/36 
Hypofibrincgenemia 16/48 
Anemia 4/54 
“Burring” cf Erythrocytes 30/34 








imposed no functional impairment. Necrotic loss of the 
distal phalanx of the thumb was encountered in one 
patient following a cobra-bite. A joint contracture due 
to an improperly placed incision was encountered in 
one, requiring a revisional operation three months later 
*( Table 5). 

The management of snake-bitten patients, in actual 
practice, varies from one individual to the other. The 
clinical behavior of these patients following excision of 
the wound, furthermore, differs considerably depending 
upon the magnitude of envenomation. The followin g case 
examples are reported in an attempt to further elucidate 
the technical details essential in patient management, 


Case Reports 


Case 1. This 12-year-old boy was bitten by a Copperhead in 
the sole of the right foot while playing barefoot in the yard. He 
was transferred to the University Hospital within 45 minutes 
following the accident. Two fang marks 1 cm apart were found 
at the level of the second metatarsal bone ( Fig. 2). The swelling 
of the area was minimal but hypothetic to touch, The treatment 


TABLE 5. Complications Following Excisions 








Loss of Skin Graft 
Partial Necrosis of Skin Flap 
Osteomvelitis 

Loss of Digit 

Digital Joint Contracture 


= = = A nb 
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Fic. 1. Burred erythro- 
cytes readily elicited by 
snake venom are observed 
in the peripheral blood of 
patients bitten by poison- 
ous snakes, 








Fic, 2, Two fang marks one centimeter apart were found in the 
sole of the right foot. The skin around the fang marks was numb 
to touch, 
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Fic. 3. A two centimeter square of the skin was excised. Hemor- 
rhagic spots were noticed in the subcutaneous tissue underneath. 


consisted of excision of the skin two centimeters square and the 
subcutaneous tissue underneath (Figs 4, 5). The wound was 
immediately covered by using the skin removed (Fig. 6). The 
laboratory finding included a fibrinogen level of 160 mg%. The 
prothrombin time was 16 seconds; 38% of the norm. These parame- 
ters, however, returned to the normal range within 24 hours fol- 
lowing the accident. The swelling in the right foot was minimal 
and completely disappeared within 72 hours. The patient showed 
no residual defect on the subsequent examination a year later. 
(Fig. 6). 

Case 2. A 20-year-old male was bitten by a rattlesnake in the 
right index finger over the volar surface of the phalanx approxi- 
mately one hour prior to his arrival in the Emergency Room. He 
had placed a rubber band tourniquet at the base of the index 
finger. The finger was swollen, and the swelling had extended 
down to the level of the tourniquet. Ecchymotic change was 





Fic. 4. The tissue with hemorrhagic change was completely re- 
moved. 
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Fic. 5. The wound was immediately covered by using the skin 
removed. 


noticed around the area of the bite (Fig 7). The fingertip was 
sensitive to touch. The treatment consisted of flap elevation by 
making an incision along the ulnar aspect of the index finger 
(Fig. 8, 9). Approximately one-half grams of hemorrhagic tissue 
was removed. Both digital nerve and tendons were left undis- 
turbed. The wound was closed 48 hours later. At the sixth week 
following excisional treatment, the patient showed no residual 
difficulty in the movements of the finger joint. The deformity from 
tissue excision was considered minimal (Fig. 10). The laboratory 
findings were all normal. 

Case 3. This is a 15-year-old boy who was bitten by a rattle- 
snake in the left calf and was seen by the referring physician 
approximately 45 minutes following the accident. The imitial treat- 
ment consisted of five vials of polyvalanet antivenin given intra- 
venously, elevation of the flap with excision of hemorrhagic tissue, 
and the administration of corticosteroids. He was referred to the 
University Hospital approximately three hours following the acci- 
dent because of facial swelling, hematemesis, and hematuria. Upor 


Fic. 6. The appearance of the 
area grafted a year later. 








Fic. 7. A 20-year-old man was bitten by a rattlesnake in the tip of 
his right index finger. The swelling had extended down to the base 
of the digit where he had a rubber band tourniquet in place. 


examination, the patient showed a marked degree of angioneurotic 
edema involving the face and neck, and he was dyspnic. The 
swelling on the left calf, on the other hand, was minimal. The 
laboratory studies revealed less than 10 mg% of serum fibrinogen, 
a prolonged prothrombin time, and a platelet count of 80,000 per 
cubic millimeter. The bleeding from the upper gastrointestinal 
tract was evidenced by aspiration of blood through the nasal 
gastric tube. Because of the findings of persistent bleeding due 
to severelv diminished available clotting factors, two units of fresh 
» blood obtained from his brother and father were given. The 
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Fic. 8. An incision was made along the ulnar side of the finger to 
remove the envenomated tissue. 
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Fic. 9. Approximately one-half gram of the tissue was excised. The 
vessel, nerve, and the tendons were left undisturbed. 


serum fibrinogen level rose to 130-145 mg% subsequent to the 
transfusion, and all factors eventually returned to normal. The 
clinical status of the patient continued to improve during the next 
two to three days. The swelling around the face disappeared in 48 
hours. A partial necrosis of the skin flap was later covered by a 
partial thickness skin graft. 

Case 4. A 20-year-old male was brought to the Emergency 
Room one hour after he was bitten by a rattlesnake in the left 
ring finger. The left upper extremity was swollen, and the swelling 
had extended up to the level of midarm just above the elbow joint 
where the tourniquet was in place (Fig. 11). An area of dis- 
coloration was noticed in the dorsum of the proximal phalanx. The 
skin and subcutaneous tissue were removed surgically (Fig. 12). 
The wound was left open because of persistent oozing from the 
wound and wound edges. Although the prothrombin activity was 
slightly diminished, the serum fibrinogen levels were all within nor- 
mal range. The platelet count, on the other hand, had decreased 
from 195.000 /mm? to 70,000/mm* 24 hours later, Clinically, how- 
ever, the patient showed no evidence of other bleeding problems. 
In fact, the swelling of the extremity diminished within 48 hours 
following treatment (Fig. 12). 

Because of the exposed extensor tendon, the wound was cov- 
ered by means of rotational skin flaps one week past the acci- 
dent (Fig. 13). No residual functional disturbance was noticed 
on the follow-up examination a year later. 


Discussion 

Almost all of the snakes of medical importance en- 
countered in the United States are members of the family 
Viperidae and Elapidae. Members of the family Viperidae 
are most commonly known as pit vipers because of the 
morphological characteristic of an externally visible 
facial pit located below and behind the nostril. There 
are more than 25 species of snakes belonging to the 
family Viperidae. Among which Crotalus adamanteus 
(Eastern Diamondback Rattlesnake) indigenous in the 
Southeastern United States and Crotalus atrox (Western 
e 
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Fic. TO. The appearance 
of the right index finger 
six weeks following the 
accident. No residual 
functional impairment 
was noticed. 


Diamondback Rattlesnake) more commonly found in the 
Southwestern part of the United States, are considered 
the most dangerous. In fact, they are responsible for the 
majority of 7,000 snake bites each year in the United 
States. Envenomation from other members of the family 
Viperidae, i.e. Copperhead and Cottonmouth moccasin 
are much less frequent. The incidents of coral snake bite, 
the American representative of the family Elapidae, on 
the contrary, is extremely low.? 

The clinical manifestations produced by pit vipers en- 
venomation include initial pain felt in the area of the 
bite which may be extremely intense, followed by local 
swelling and ecchymotic discoloration which progresses 


Fic. 1l. A 20-year-old 
man bitten by a five-foot 
rattlesnake one hour be- 
fore he was brought to 
the Emergency Room. 
The swelling had ex- 
tended up to the level 
where a turniquet was in 
place. 
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with time. On the other hand, pain may be minimal or 
completely absent in a number of patients. The findings 
of anesthesia or hypothesia of the skin around the vicinity 
of envenomation were encountered in approximately 
15-202 of the patients treated in our series. Erythema 
and ecchymosis develop as subcutaneous hemorrhage oc- 
curs. These changes, in conjunction with the findings of 
fang marks are considered invaluable in the diagnosis of 
a pit viper bite. Classification of the severity of the pit 7 
viper bite based upon the presence of fang marks, pain, 
and the extent of edema, has been advocated to provide 
a guideline in determining the dosage of anti-Crotalidae 
polyvalent antivenin.® However, it must be remembered 
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that many of these clinical features change with time. 
In fact, it has been noticed in this group of patients that 
the progression of the swelling and other symptoms may 
last as long as 48 hours following the accident. Nausea 
and vomiting, noticed in more than one-third of the pa- 
tients in this group were infrequently experienced during 





Fic. 13. The appearance of the hand and finger one year after the 
accident. No functional impairment was noticed on examination. 
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Fic. 12. The swelling of 
the limb had mostly sub- 
sided by the second day 
following bite. The 
wound was left open and 
closed later by means of 
rotation flaps. 


the early phase of the accident but more commonly felt 
3 to 8 hours later. Similarly, the edematous swelling of 
the limb, unlike ecchymotic changes continues to progress 
for 12 to 16 hours following the bite. Continuous re- 
evaluation and re-classification of the severity of en- 
venomation are, in this sense, considered mandatory in 
order to provide necessary treatment for the patients. 

The findings of diminished serum fibrinogen levels, 
prothrombin activities and thrombocytopenia are rela- 
tively common in patients bitten by the pit vipers. Such 
laboratory abnormalities are often manifested clinically 
as continuous oozing from the area of fang marks or the 
incision sites. Although the reason for venom-induced 
clotting mechanism abnormalities remains obscure, many 
believe that the incoagulability of blood following en- 
venomation is largely produced by fibrinopenia or hypo- 
fibrinogenemia. The process of defibrination provoked by 
the snake venom in this sense, appears to play an im- 
portant role in the pathogenesis of the clotting defect.!! 
An abnormal prothrombin activity in the plasma is 
similarly believed to be due to excessive consumption 
of prothrombin during the process of micro-clot formation 
initiated by the process of converting fibrinogen to fibrin. 
Prothrombin time determination, is, therefore, claimed 
to have the prognostic importance in management of 
snake bitten patients.” There were 22 patients out of 48 
patients studied that showed diminished prothrombin 
activity in this series. The value usually remained ab- 
normal for a period of 24 to 48 hours and returned to 
a normal level within four to six days. Profound anemia 
secondary to persistent bleeding because of the clotting 
failure was seen infrequently in this group of patients. 
Onlv four individuals had the hemoglobin value fall 
below the level of 10 gm%. Blood transfusion was, how- 
ever, required in three individuals. 
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The use of polyvalent antivenin has been the accepted 
method of treatment for snake-bitten patients. How- 
ever, the effectiveness of type-specific antivenin can be 
hindered because of the allergic reaction. Although the 
exact incidence of serum sickness in patients following 
the injection of horse serum remained unknown, it has 
been estimated to be as high as 30 to 50% of the patients 
treated? According to Reid, Thean, and Martin,? a 30% 
incidence of allergic reactions following the injection of 
antivenin has been noticed. In the same study, they have 
further observed that though the systemic toxicity was 
notably absent in the group treated with antisera, the 
use of antivenin did not prevent the local venom toxicity 
of limb swelling, pain, or tissue necrosis. 

Although the lymphatic system has been believed to 


: be the prime route for systemic absorption and spread 


of injected venom, the exact mechanisms remained ob- 
scure. On the other hand, as we have observed in the 
laboratory animals, direct penetration of the venom into 
deeper plane and compartment, though gradually, can 
occur. Enzymatic actions of the venom apparently play 
a significant role in the spread and absorption of the 
injected venom in addition to tissue necrosis commonly 
encountered in the area of bite. Early surgical excision 
of the wound around the area of envenomation, there- 
fore, seems to provide an effective means in further re- 
tarding the enzymatic damage to the tissue. Since hemor- 
rhage within the tissue is the most characteristic change 
induced by the venom, a larger portion of the venom 
can be removed by selectively debriding the hemorrhagic 
tissues. It has been the routine practice to reserve the 
use of antivenin for patients wtih severe envenomation. 
Out of 54 patients, only two had received the antivenin. 
In both, they were administered prior to the transfer 
to the University Hospital. 

In exposing the subcutaneous tissue compartment, skin 
flaps are often elevated in the uper extremity. Total ex- 
cision of the skin and the subcutaneous tissue, on the 
other hand, is used almost routinely in the lower ex- 
tremity. Elevation of a skin flap is occasionally used in 


Discussion 


Dr. CnanrLEs H. Warr, Jr. (Thomasville): Dr. Lewis’ point is 
well taken as regards the allergic reaction of the protein half of 
the antivenin. We have only had limited experience with wide 
excision of the hemorrhagic tissue around the bite, but we do 
excise the area extending out about 1 cm around the fang marks, 
in addition to using intravenous antivenin in the very severe cases 
only. It is difficult to compare these results with ours, as Szabo of 
the University of Florida has used rabbits in comparing the hemor- 
rhagic and necrotic effects of the Western diamondback rattle- 
snake to that of the Eastern, the latter being three times more 
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the dorsum of the foot if the area of involvement is ex- 
tensive. 

Infection of the wound following excision though never 
encountered in this group of patients, is definitely a 
possibility. As shown by Ledbetter and Kutscher? both 
aerobic and anaerobic organisms could be isolated from 
the fangs as well as the venom. It is, therefore, conceiv- 
able that inoculation of various organisms into the dept 
of the wound can occur with bite. Antibiotics with a 
broad spectrum and immunization against tetanus are, 
therefore, given to all patients. 
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severe. In addition to the criteria which Dr. Lewis has mentioned 
in determining the severity of the bite, we find that only the 
rattlesnake causes muscular fasciculations, especially in the perioral 
region, and this is our best index as to the amount of intravenous 
antivenin that should be given. 

(Slide) All pit viper envenomations may cause pinpoint pupils 
if injected in large quantities, as seen here; but if muscular fas- 
ciculations are combined with pinpoint pupils, then we feel 
strongly that intravenous antivenin should be given, in addition 
to surgical excision in the bite area. 

We routinely cross-match blood in the emergency room imme- 
diately, for several hours later it is very difficult to carry out this 
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procedure because of the coagulation problems, as outlined by 
Dr. Lewis. 

We feel that cryotherapy has absolutely no place in the treat- 
ment of any pit viper bite, but, indeed, is very detrimental. 

(Slide) The next two slides were sent to me several years ago 
from Fort Worth by Bill Lorimer of this Association. This child’s 
hand was bitten by a massasauga, the first cousin to a pygmy 
rattler, and had been treated with cryotherapy by another physi- 
cian, resulting in gangrene and requiring amputation. 

This year we have again reviewed our cases. There were a total 
of eighty-six. Of course, it’s important to grade the severity of the 
bite in order to assess the results. You will see that none of the 
Eastern diamondback rattlesnake bites are classified as Grade I, 
whereas with the other rattlesnake bites and other pit viper bites 
in our area most are classified as Grade I or II. 

Of the eight deaths from the Eastern diamondback rattlesnake, 
none had the benefit of our present method of treatment. We have 
had no deaths in the past thirteen years using our method, which 
consists of local excision—not as extensive as Dr. Lewis’—of the 
bite area. In addition we give large amounts of intravenous anti- 
venin, if we are sure that the Eastern diamondback rattlesnake 
was the offender, and if it fits into Grade III or IV classification. 

We cannot agree with Reid, Thean and Marten, who state that 
antivenin did not prevent local tissue necrosis. On the contrary, 
if antivenin is given intravenously, without cryotherapy, it has 
prevented local tissue necrosis in every case in our experience. No 
fasciotomies or amputations have been necessary in our series. 

We warn those in other geographical areas where this very 
venomous snake does not exist that the treatment may be far 
worse than the bite; for, after all, if there are only fifteen deaths 
in the United States per year from pit viper bites, out of 7000, 
surely we should not overtreat our patients, and convert a Grade 
II into a Grade IV with overzealousness. 


Dn. Asher R. McComp (San Antonio): We see quite a number 
of snake bites in our area, the so-called "brush country of south 
Texas," where deer hunting is very important. 

I was once a member of the surgical visiting staff of the 
Robert B. Green Memorial Hospital—our county-city hospital— 
where all the snake bites of this large area were always sent for 
treatment. We had two very notable physicians on the hospital 
staff who had standardized the treatment of snake bites at that 
time. 

One was the late Dr. Dudley Jackson, Sr., who had been a 
veterinarian prior to becoming a medical doctor, which we felt, 
contributed to the reason why he had so much good “horse sense.” 

In his early career, Dr. Jackson became interested in the treat- 
ment of snake bites. He subsequently performed original investi- 
gations on this problem. He took eight dogs and injected the first 
dog with something like ten minimal lethal doses of rattlesnake 
venom into it's hind leg and then applied a proximal tourniquet; 
made multiple incisions through the skin over the injected area, 
and applied some suction cups over the incisions, recovering as 
much serum containing the venom as possible. This he injected 
into the second dog, and so on, through the eighth dog. He left 
the injected serum (containing the rattlesnake venom) in the last 
or eighth dog. The eighth dog died, and the other seven survived, 

Dr. Jackson subsequently developed a snake bite kit which is 
known as the “Dudley Kit,” which he gave to the Cutter Drug 
Company, who has manufactured and distributed it. The kit is 
available in all drug stores in San Antonio and I am sure around 
the country, as well. 

That was more or less the standard treatment for many years at 
our Robert B. Green Memorial Hospital. 

In addition to Dr. Jackson, we had retired colonel of the Army, 
Colonel Martin Crimmons, whom, I thought was a doctor of medi- 
cine, but actually he had been a medical administrative officer. 
Colonel Martin Crimmons was known widely throughout the coun- 
try and the world as an authoritv on snakes, snake bites and their 
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treatment. Colonel Crimmons had been bitten by rattlesnakes on 
so many occasions that he had developed such a high titre of 
antivenom that he would give a transfusion of his plasma to any 
child that had been bitten by a rattler. He took complete charge 
of the case and that was it—his plasma transfusion cured them. 

Our snakes, of course, are mainly rattlesnakes. We have a few 
coral snakes, whose bite victims, we believe. should receive anti- 
venom. However, in the rattlesnake bits, we have been fearful of 
giving them antivenom. 

In recent years one of our former surgical residents of the 
Robert B. Green Hospital, who is now in private practice of 
surgery in San Antonio, Dr. Thomas G. Glass, Jr., has taken a 
very active part in the study and treatment of snake bites in our 
area, He has lectured rather extensively at surgical meetings in 
many parts of the country and has made valuable contributions to 
the medical literature on this subject. In fact, he was away giving 
a lecture in North Carolina when I received a patient with a rattle- 
snake bite that I tried to refer to him. Since he was away, I 
treated it by the method which he had discussed with me, which 
is, namely, fasciotomy, large doses of cortisone, and careful moni- 
toring of fibrinogen and platelets of the blood. 

I disagree with Dr. Steve Lewis and his co-authors about fas- 
ciotomy not being necessary, because most of these bites are 
around the ankle, hand, or arm where there is not much subcuta- 
neous tissue, and injection of the venom is into the fascial com- 
partments, rather than in the subcutaneous tissue. 

Now, if he bites you on the bottom, where vou have a "thick 
rind," as we say in cattle terminology, why, perhaps Dr. Steve 
Lewis method would be applicable. I have seen a number of 
these cases that Dr. Thomas Glass has treated, and a rattlesnake 
bite causes a tremendous amount of necrosis, no doubt due to 
tissue reaction with increased pressure in the fascial compartments, 
compromising the circulation, similar to gas gangrene seen by 
many of us in World War II that required fasciotomy. 

Dr. Glass believes in doing a fasciotomy, administering large 
doses of cortisone (usually Solu Cortef) and does not give them 
any antivenom, that is, in rattlesnake bites. He monitors them 
carefully, for many of these cases have a marked drop in their 
fibrinogen and platelets. The wound is left open and closed on 
about the sixth to the eighth day. Dr. Class has had over a 
hundred of these cases and I have been very much impressed with 
his results. As I said, I successfully treated one rattlesnake bite, 
occurring on the heel, by his method because he wasn't available 
at the time. I would like to add that I am very much impressed 
with Dr. Glass’ treatment and I would like to leave these remarks 
with vou. 


Dn. RrcHanp J. Fiep, Jr. (Centreville): We ran into it as a 
serendipity several vears ago, Dr. Lewis, when our hospital was 
temporarily out of antivenin. I live along the swampy area of the 
Mississippi River. We have the cottonmouth moccasion, primarily, 
and we had no antivenin that night. It didn't seem too serious. 
Thus, we simply excised it. Much to my surprise, this patient 
did well. 

I was delighted to see the presentation he made tonight to tell 
whv something I knew to be true did occur. By removing the 
hemorrhagic area we are able to save these people a lot of over- 
treatment, as was mentioned by the other discussors. This is an 
important thing for us to know. 


In this day and time, the reason we are able to do this tvpe 
procedure is that our patients are getting to us more quickly. The 
automobile and the paved street have made it possible for our 
snake bites to get to us, in almost every instance, within an hour. 
By a simple, wide excision we can eliminate, as we have in our 
work, the use of antivenin, and we can eliminate a lot of hos- 
pitalization and a lot of concern, and these people are well. 


Dr. SrEPHEN R. Lewis (Closing discussion): Dr. Sparkman 
asked: Do we use tetanus protection for snake bite? Yes, I think 
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this is probably one of the few important things, even in non- 
venomous bites. We do not generally use antibiotics. 

He also asked why we put a primary graft on, rather than a 
secondary closure, or secondary graft; and again, we just try and 
save time and save length of hospital stav. 

I want to thank Dr. Watt. I agree that perhaps in the serious 
envenomations of the Grade III or Grade IV there are some fairly 
good standards, but in all of the different things that have been 
reported, from paresthesias, hypesthesias, total numbness, pain, 
swelling, and so on, pain has been the only, single constant finding 
with true envenomation from the pit vipers. Nausea, vomiting, 
and So on-—most of them occur in less than 15 per cent of the 
patients, Swelling, of course, is fairly common, but not always, 
with envenomation. I do not believe that there is any proof that 
intravenous antivenin does anything to change local tissue necro- 
sis, and I say this because in our own research laboratory in the 
last two months we have been using antivenin, both intravenously 
and locally. It has not had one effect on total tissue necrosis 
per se. And so, therefore, we question it. 
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We think cryotherapy is dangerous in most instances. However, 
if I get bit and don't have the courage, I probably would use 
cryotherapy during the first hour or two, if I had it available— 
something to cool it down just to minimize spread. But we have 
been able, even at twenty-four hours, by excision of the hemor- 
rhagic area to help minimize the complications of scrious snake 
bite. 

Dr. McComb, talking about the treatment in San Antonio—I 
can do nothing but deplore fasciotomy, unless there is an indica- 
tion for fasciotomy. To me this is simply making extra incisions 
in areas that are unnecessary. If we do have a pulseless period, 
then we do the fasciotomy; and in our first forty-three and the 
last fifty-four we have had one case that had enough problem 
that we felt indicated fasciotomy, therefore as a routine we are 
convinced that this is poor therapy in the treatment of snake bite. 

Dr. Field, I want to thank you for your comments. And I will 
say this, that I think with just a simple excision of that area that 
is hemorrhagic we can do a lot better in the handling of snake 
bites. And, frankly, I think it’s a lot easier to treat snake bites, 
and we get fewer complications, than we do from the human bites. 


Proximal Gastric Vagotomy without “Drainage”: 


Proximal gastric vagotomy (PGV) limits vagal denervation 
to the parietal cell bearing part of the stomach and permits 
relatively normal gastric emptying without need of a “drain- 
age procedure.” Clinically, PGV has been reported to avoid 
post-vagotomy diarrhea while controlling the duodenal ulcer 
diathesis adequately. The present study explores some effects 
of PGV in dogs with intact stomachs. Histamine-stimulated 
secretion of HC] and pepsin was reduced as expected after 
PGV. After insulin-induced hypoglycemia: (a) HCl secre- 
tion, greatly reduced for six months after PGV, recovered 
partially and stabilized by the beginning of the second year. 
Similar findings reported in patients have been thought to 
indicate partial vagal reinnervation. (b) Pepsin secretion 
„remained profoundly decreased throughout the two year 
study after PGV but ample pepsin was secreted in response 
to Urecholine. This argues against significant vagal rein- 
nervation in the dog after PGV. The rates and patterns of 
gastric emptying of 0.9% NaCl and 5% dextrose solutions 
were unchanged by PGV. After PGV, initial emptying of 
10% (hypertonic) dextrose was faster but the process then 
slowed so that its final emptying time was prolonged. 


ECENTLY A NEW KIND OF SELECTIVE vAGOTOMY has 
R been receiving attention for treatment of duodenal 
ulcer disease. The operation is designed to denervate 
vagally the corpus and fundus of the stomach while 
leaving the antrum vagally innervated. The procedure 
was conceived with the hope that it would reduce gastric 
secretion of acid and pepsin enough to control the duo- 
denal ulcer diathesis while permitting adequate gastric 
emptying, thus avoiding such additional procedures as 
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antrectomy, pyloroplasty or gastrojejunostomy which 
many observors suspect may contribute to the unpleasant 
alimentary symptoms that sometimes follow operations 
currently in use. 

The new operation has been given many names in- 
cluding parietal cell vagotomy, selective vagotomy of the 
parietal cell mass, highly selective vagotomy," selec- 
tive proximal vagotomy,’ proximal selective vagotomy,? 
acidfundic selective vagotomy and proximal gastric 
vagotomy.”® It cannot be predicted which term will gain 
general acceptance if the operation proves to have merit 
enough to survive. We have chosen proximal gastric 
vagotomy as a name that is precise and concise and will 
use it in this report. 

The purpose of the present study was to observe some 
effects of proximal gastric vagotomy on gastric secretion 
and emptying in dogs. 


Methods 


Operative Procedures 


Three mongrel dogs weighing 17-20 kg were used in 
this study. Twostage esophagostomies constructed using 
the method of Komarov and Marks?? permitted easy in- 
tubation of the dogs’ intact stomachs for test procedures. 
The esophageal stomas averaged 1.5-2.5 cm in length, 
did not interrupt the continuity of the esophagus, and 
permitted oral feeding and drinking. 

After completion of control tests of gastric secretion 
and emptying (described in detail below) the dogs 
underwent proximal gastric vagotomy (PGV). The lesser 
curvature of the stomach was laid bare from a point 
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6-7 cm proximal to the pylorus to the esophagogastric 
junction with ligation and division of each neurovascular 
connection as close to the stomach as possible. During 
the dissection, the anterior and the posterior nerves of 
Latarjet were identified and protected to preserve vagal 
innervation of the antrum. The dissection was then con- 
tinued circumferentially around the distal 2 cm of the 
esophagus by dividing its serosal attachments, blood 
vessels and nerves, thereby vagally denervating the 
fundus of the stomach. The hepatic branches of the 
anterior vagus nerve and the celiac branch of the 
posterior nerve were identified and not disturbed. Six 
weeks later, repetition of the tests of gastric secretion 
and emptying was begun. 


Measurements of Gastric Secretion 


Before all tests, the dogs were fasted for 18-24 hours. 
A narrow polyethylene tube was attached to a size 
16 Fr. Levin tube with its open end 10 cm from the 
distal orifice of the Levin tube. This compound tube was 
inserted through the esophagostomy into the stomach 
so that the end of the Levin tube lay in the gastric 
antrum. In early experiments, the positions of the tubes 
were checked fluoroscopically; later, they were inserted 
for a predetermined distance for each dog and were 
considered properly placed if fluid instilled could be 
recovered promptly. The stomachs were emptied and 
collections of gastric contents were begun, aspirating by 
hand with a syringe. Samples were collected at 15-minute 
intervals. Beginning with the third sample of basal secre- 
tion, a solution of polyethylene glycol (PEG) of known 
concentration was injected by a Harvard pump at a rate 
of 28.5 ml per 15 min. through the polyethylene tubing 
attached to the Levin tube. The concentration of PEG 
in each 15-minute sample of gastric contents was deter- 
mined by the method of Malamer and Powell?* and was 
used in conjunction with the volume of gastric contents 
and the original PEG concentration to calculate the per- 
cent recovered, a value used to monitor the efficiency 
of the recovery system. Tests showed that PEG does not 
stimulate secretion of acid or pepsin nor interfere with 
titration of acid or determination of peptic activity. 

The acidity of each sample of gastric contents was de- 
termined by titration against 0.1 N NaOH using phenol- 
phthalein as the indicator (pH 9.2) and was expressed 
as mEq. of HCl per unit time. 

Peptic activity of each sample of gastric juice was 
determined by Hunts!? modification of a method of 
Anson and Mirsky in which lyophilized human plasma 
is the substrate. Peptic activity was expressed in arbitrary 
units by comparison under standard conditions with the 
color of a standard phenol solution. 

Care was taken never to expose the dogs to food 
during tests or in the environment of the experiments in 
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order to avoid conditioning them to secrete via the 
cephalic phase of gastric secretion. 

In all tests, after the dogs' stomachs had been emptied, 
gastric contents were collected for one hour for deter- 
mination of basal rates of secretion of HCl and pepsin. 

Gastric secretory responses to histamine were deter- 
mined in tests in which histamine was injected intra- 
venously in doses of 10 and 50 micrograms per kg per 
hr. for 90 minutes using a Harvard pump. Three tests 
were done on each dog at each dose before and after 
PGV, and mean values for peak rates of secretion of HCl 
and of pepsin were computed using the greatest two 
consecutive samples in each case. These tests were per- 
formed. during the first 7-9 months after PGV. 

Gastric secretory responses to hypoglycemia induced by 
intravenous injection of 0:5 units of regular insulin per 
kg of body weight were determined in three tests on 
each dog preoperatively and at intervals for two years 
postoperatively. Blood glucose concentrations were mea- 
sured before and one hour after injection of insulin after 
it had been established by measurements every 15 min- 
utes that a single measurement at one hour was indicative 
of the degree of hypoglycemia during the two hour test. 
Values for blood glucose concentration in 49 tests on four 
dogs averaged 70.4 (S.D. 5.2) mg per 100 ml. before 
insulin was given and 32.3 (S.D. 1.9) mg per 100 ml 
one hour after insulin was given. Recovery ‘of PEG 
averaged 85% (range 66%-97%). Outputs of HCl and 
pepsin are presented for the first and the second hours 
after injection of insulin. 

During the last three months of the second year after 
PGV, but not preoperatively, gastric secretion of HCl 
and pepsin was measured during two hours of ad- 
ministration of 2-hydroxypropyltrimethylammonium chlo- 
ride (Urecholine) given intravenously at a rate of 100 
meg per kg per hour. 


Measurements of Gastric Emptying of Liquids 


Three solutions known to leave the stomach at differ- 
ent rates were chosen as test meals: 0.9% NaCl, 5% dex- 
trose and 10% dextrose. PEG was adde to each to make 
its concentration 1 gm per 100 ml. and was employed as 
a marker. Each liquid “meal” consisted of 500 ml, the 
largest volume these dogs could retain consistently in 
their stomachs without regurgitation. This choice was 
based on Hunt's!? observation that larger volumes pro- 
vide more reproducible results by avoiding the errors 
of small individual differences in emptying associated 
with recovering small volumes. Each meal was infused 
by gravity into the stomach, and the stomachs were 
evacuated in separate tests 15, 30 or 45 minutes later. 
At least four trials for each test meal at the three time 
intervals were made in each dog before and after PGV. 
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Tests on the same day in any dog were separated by at 
least two hours after removal of the first meal. 

The amount of original test meal remaining in the 
stomach at the end of each experiment was calculated 
as follows: 


[PEG], 
[PEG], - 


Vit — Vi X 


where 

Vint = the volume of the test meal recovered from the 
stomach at time, t; 

V, = the volume of gastric contents recovered at time, 
{; 

[PEG], = the concentration of PEG in the original 

meal; and 

[PEG], = the concentration of PEG in the gastric 

contents recovered at time, t. 

The meal volume passing the pylorus in each experi- 
ment (MVPP) was calculated by subtracting Vin, the 
volume of meal recovered from the stomach, from 500 
ml, the initial volume of each meal. 

Mean values for MVPP at each time interval for each 
dog were averaged to obtain mean values for the group 
of three dogs. The data were then analyzed by the 
method of Hopkins" in which the square roots of MVPP 
are plotted against time. Lines depicting patterns of 
emptying of each solution before and after PGV were 
derived using the method of least squares. 


Results 
Gastric Secretion 


Basal Gastric Secretion Before and at Intervels After 
PGV. The rate of secretion of HCI by intact dogs’ stom- 
achs is low, the mean of the three dogs studied being 
0.17 mEq per hr. + 0.04 (S.E.). During the first six 
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months after PCV the rate was unchanged, but for the 
next three periods of six months the mean basal secre- 
tion of acid increased significantly, although only to 
about 0.5-0.9 mEq per hr. (Fig. 1). Basal secretion of 
pepsin, equally variable from experiment to experiment 
in this preparation, did not change significantly during 
two years after PGV (Fig. 1). 

Gastric Secretory Responses to Histamine. PGV re- 
duced the secretion of HCl in response to a low dose of 
histamine base (10 mcg per kg per hr.) by 53% and that 
in response to 50 mcg per kg per hr. by 34$. Pepsin out- 
put in response to these doses of histamine were reduced 
by 51% and 43% respectively (Fig. 2). Rates of secretion 
of pepsin were low when compared with those that oc- 
curred with stimulation bv hvpoglvcemia or by Urecho- 
line (see below), and were in the range of rates in the 
basal state both before and after PGV, shown in F ip. 1. 

Gastric Secretory Responses to Insulin-induced Hypo- 
glycemia, Gastric secretion of HCl and pepsin began to 
increase approximately 15 minutes after regular insulin 
was given intravenously in a dose of 0.5 units per kg, 
was rapid for the next 30-45 minutes and then varied at 
lower rates during the second hour. Six months after 
PGV, rates of secretion of HCl during both the first and 
second hours after injection of insulin were sharply re- 
duced by 86% and 59% respectively (Fig. 3). During the 
next six months acid secretion increased after which the 
first hour response stabilized at about one-third of the 
preoperative rate. The second hour response returned 
to the preoperative level that, as Fig. 1 shows, was 
about three times greater than the basal rate of secre- 
tion one to two years after operation. Secretion of pepsin 
behaved differently. The initial reduction of more than 
90% after PGV persisted without significant change over 
the two year period of observation (Fig. 3). After PGV, 
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pepsin was secreted during hypoglycemia at rates similar 


- to the basal rates of secretion observed before and after 


Y 


4 


PGV and shown in Fig. 1. 

Effects of Cholinergic Stimulation (Urecholine) after 
PGV. To learn whether the pepsin secreting cells, so 
unresponsive to hypoglycemia, would respond to pharm- 
acologic cholinergic stimulation after PGV, the three 
dogs were given Urecholine, 100 mcg per kg per hr, 
for two hours intravenously twice during the last part 
of the second year after operation. Secretion of HCI and 
pepsin greatly exceeded that achieved during the two 
hours in response to insulin hypoglycemia (Fig. 4). 
Thus both the chief cells and the parietal cells were 
capable of responding to an adequate cholinergic stimu- 
lus after the operation. 


Gastric Emptying of Liquid Solutions. 


1 


The mean values for square roots of meal volumes 
passing the pylorus with their standard errors (\/MVPP 
+ S.E.) for the three liquid meals in three dogs are 
presented in Table 1. The best fitting lines, calculated 
for each meal before and after PGV, by the method of 


least squares are plotted in Fig. 5 in which the heavier - 


lines encompass the time period for which there are ex- 
perimental values and the lighter lines are extrapolations 
to give a concept of comparative final emptying times. 
Experimental values are indicated by open and closed 
circles on the graph. 

Preoperatively, the patterns of emptying between 15 
and 45 minutes after infusion of the three meals were 
almost the same, as indicated by the fact that the lines 
for each meal are virtually parallel, but the rates were 


e different as shown by the fact that the three lines for 


d 
Pe 


the periods of stable patterns are at different levels on the 
scale for \/MVPP. Different rates occurred sometime 
during the first 15 minutes when initial emptying of 
0.9% NaCl solution was fastest, that of 10% Dextrose was 
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Fic. 3. Mean gastric secretory responses to insulin-induced hypo- 
glycemia in 3 dogs before and after PGV. Asterisks indicate sta- 
tistically significant differences from preoperative values: HCI, 
p « 0.01, pepsin p « 0.001. 
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Fic. 4. Mean gastric secretory responses of 3 dogs to Urecholine, 
100 mcg/kg/hr., approximately 2 years after PGV. 


slowest and that of 5% dextrose lay between: The graph 
is drawn to indicate that we do not have data to describe 
rates of emptying accurately during the first 15 minutes 
after ingestion of the meals. 

After PGV, the patterns of gastric emptying for saline 
and 5% dextrose solutions were not significantly changed. 
Emptying of the hypertonic 10% dextrose solution was 
altered significantly after PGV with more of the. meal 
leaving the stomach during the first 15 minutes and with 
the pattern of emptying between 15 and 45 minutes be- 
ing slower than that measured before operation. The 
changes are expressed numerically in Table 2. 

The patterns of stable emptying of 5% dextrose and 
saline solutions were unchanged by PGV. The MVPP 
per minute for 10% dextrose solution decreased from 
0.14 to 0.08 (p « .05). Likewise, the calculated times for 
emptying all but 20 ml. of the meals were not changed 
for saline solution or 52 dextrose after PGV but increased 
from 107 to 154 minutes (p « 0.05) when 10% dextrose 
was used. 

To determine whether the pattern of emptying of 
10% dextrose postoperatively was skewed by the rapid 
emptying during the first 15 minutes, tests were carried 
out at 60 and 75 minutes in two of the dogs. These con- 
firmed the altered nature of the emptying pattern (Table 
1). 


_ Discussion | 
Basal rates of secretion of HCl by intact dogs are 
usually low and of course are not analogous to the in- 
creased rates sometimes seen in patients having the 
duodenal ulcer diathesis. It is noteworthy that although 
the low rate of basal secretion of pepsin did not change 
significantly after PGV, the basal rate of secretion of 
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TaBLE 1. VMVPP + S.E. Three Dogs Before and After PGV 


Meal* Minutes 


after Ingestion Before PGV After PGV 
0.9% NaCl: 
15 17.2 43: 1.4 17.1 + 0.2 
30 18.7 4: 0.9 19.2 + 0.8 
. 45 21.1 4: 0.5 20.6 + 0.7 
5% Dextrose: . 
15 13.2 4- 0.1 13.1 40.4 
30 14.9 + 0.7 15.6 4- 0.5 
45 17.5 £ 0.8 17.0 + 0.5 
1095 Dextrose: 
15 9.3 + 0.6 11.5+0.5 
30 10.9 + 0.2 12.6 + 0.6 
45 13.5 + 0.6 13.8 + 0.3 
60 m 15.3 + 0.3f 
75 — 16.5 + 0.91 


* Initial Volume 500 ml. 
t 2 Dogs (see text). 


HCl increased slightly but significantly during the second 
six month period after the operation and then remained 
increased for the next year. 

Secretion of HCl in response to histamine was reduced 
after PGV as it is after truncal or selective gastric va- 
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Fic. 5, Gastric emptying patterns of 3 dogs after 3 liquid meals, 
averaged and analyzed according to the method of Hopkins (see 
text ). 
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TABLE 2. Characteristics of Gastric Emptying of Liquid Meals 


(500 ml.) in Three Dogs Before and After PGV 


Pattern of Stable Calculated Time (min.) 
Emptying 4/ml/min. until Only 20 ml Remain 


Meal Pre-op Post-op Pre-op Post-op 
0.9% NaCl 0.13 0.12 53 55 
5% Dextrose 0.14 0.13 78 82 
10% Dextrose 0.14 0.08* 107 145* 
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gotomy in dogs and in humans. More complete dose re- 
sponse curves for histamine-induced secretion of HCl in 
dogs before and after PGV as well as truncal vagotomy 
have been reported by Kaynan, Ben-Ari, Kark and Rud- 
ick.!? Histamine is a poor stimulus for secretion of pepsin 
in dogs, although it is more effective in humans. In our 
experiments and in those of Kaynan et al., outputs of 
pepsin during administration of histamine were low 
compared with outputs in response to vagal stimulation, 
and were reduced further after PGV. 

As expected, gastric secretion of HCl and of pepsin 
in response to insulin-induced hypoglycemia was sharply 
reduced after PGV. This operation purposely leaves the 
gastric antrum vagally innervated and its effectiveness 
in controlling the duodenal ulcer diathesis permanently 
should depend upon the permanence of vagal denerva- 
tion of the corpus and fundus. Hence, measurements 
of vagally mediated gastric secretion of HCl and of 
pepsin made over long periods of time are impor- 
tant. Johnston and his associates,!? analyzing a series 
of patients combined from Leeds and Copenhagen, 
measured peak acid outputs to insulin-hypoglycemia 
(PAO!), defined as the output in the two consecutive 
15-minute periods that gave the greatest sum, and ex- 
pressed as mEq/hr. Mean PAO!, which was 33 mEq/hr. 
in 60 tests preoperatively, was reduced to 1.3 mEq./hr. 
two to six months after PCV but increased to 3.4 mEqg/ 
hr. after six to 12 months and remained 3.6 mEq./hr. 
after 12 to 24 months, about 102 of the preoperative 
value. In our dogs, secretion of HCl during hypogly- 
cemia behaved similarly. The response during the first 
hour after injection of insulin, when the peak rate of 
secretion occurs, was reduced most during the first 6 
months after PGV, increased during the next 6 months, 
and became stable for the following 12 months at a rate 
about one third of that measured preoperatively. Secre- 
tion of HCl during the second hour after injection of 
insulin, returned to the modest preoperative rates by 
the time 1 year had passed. 

Johnston et al.,19 noted that similar recovery of some 
of the secretory response to hypoglycemia has been re- 
ported to follow truncal and selective gastric vagotomy 
with drainage procedures in patients.5.17.2225 They specy- 
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lated that the partial recovery of HCI secretion during 
hypoglycemia in rei patients might have occurred 1) 
because the | denervated parietal cells become 
supersensitive to Tin stimuli. or 2) because more 
gastrin was released in respouse to vagal stimulation of 
the antrum later than was the case soon after operation 
or 3) that with the passage of time. the paiietal cell 
mass, gradually acquired some measure of vagal rein- 
nervation. The authors favored reinnervation as the ex- 


vagall 


planation for the partial recovery of the acid secretory 
response to hypoglycemia and added that if so. such 


reinnervation did not appear to be extensive and must 
virtually have stopped about one year postoperativ ely. 
Our data trom dogs indicate that secretion of HCI 


.m reponse to hypoglycemia recovered partially as time 


passed after PCV, but secretion of pepsin remained uni- 
formly reduced during the two vears of observation. At 
the end of the two vear period. both the parietal cells 
and the pepsin secreting cells responded strongly to 
Urecholine. This result is not surprising: indeed Ander- 
sson and Grossman* demonstrated that vagotomy in 
dogs increases the sensitivity of the pepsin secreting cells 
to this cholinergic stimulus. Vagotomy in dogs also re- 
duces the sensitivity of the parietal and pepsin secreting 
cells to gastrin and to histamine. ‘To attribute the partial 
recovery of the Du cell response during hvpogly- 
to assume that a7 reinnervation selectively involved 
parietal cells while sparing the pepsin secreting cells. 
Although theoretically possible. this seems unlikely 
enough to warrant studies to see if the same phenome- 
non occurs in humans and to seek an explanation other 


^ than reinnervation. Plasma gastrin concentrations during 


insulin tests would be eA especially in view of the 
observation of Kaynan et al! that after PCV or trun- 
cal vagotomy in dogs, output of HCl increased as the 
dose of peutagastrin was increased from 0.75 to 6 meg./ 
kg/hr. whereas the output of pepsin, well stimulated by 
pentagastrin before the operations, remained uniformly 
low postoperatively during these tests. 

Gastric evacuation of liquids occurs when intragastric 
pressure exceeds intraduodenal pressure and the pylorus 
is open. The rate of gastric emptving is modulated when 
ertain 
physical and chemical characteristics of chyme. ifyper- 
osmolality, acidity, and the presence of glucose or fatty 
acids in the duodenum are known to slow gastric empty- 


receptors in duodenal mucosa are stimulated b. 


.ing. The precise mechanisms--nervous, hormonal, or 


effects of absorbed foodstuffs—that may be involved 
are not well understood. Wilbur and Kelly? have pro- 
posed that the role of the stomach in gastric evacua- 
tion of liquids is dependent mainly upon pressure ex- 
erted by the gastric corpus and fundus whereas that 
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for solids is dependent upon contractions of the gastric 
antrum. 

Hunt, studying gastric emptving of liquids in normal 
people, found that the pattern of emptving was ex- 
ponential and that logarithms of volumes remaining (or 
emptied) plotted against time were linear except for 
periods of faster emptying at the beginning and end. 
Hopkins? ^ examining data of Hunt and his associates." 
found that the square root of volume of meal remaining 
in the stomach gave a better fit than the logarithmic 
relation. The stomach empties liquids rapidly for a brief 
time after which emptying slows to a basic pattern in 
which the rate increases gradually but the square roots 
of the volume emptied per unit time remain constant. 
With Hopkins’ method, lines derived by the method 
of least squares from data collected using different 
liquid meals can be compared easily. Hopkins found 
that in human subjects one could extrapolate to esti- 
mate final emptving time. 

The emptving patterns of 500 ml of 0.9% NaCl, 5€ dex- 
trose and 10% dextrose solutions preoperatively ge 
principally in the rate of emptving during the first 1 
minutes after the meals were introduced. Because we 
have no points between 0 and 15 minutes, we cannot 
sav when the stable pattern of emptying indicated by the 
straight lines developed. We assume t that the slowing of 
emptving that occurred sometime during the first 15 min- 
utes resulted from stimulation of the duodenum by the 
meals. The three meals differed with respect to osmolal- 
ity and the presence and concentration of dextrose. Dur- 
ing the first 15 minutes, isotonic saline solution left the 
stomach most rapidly and hvpertonic (10%) dextrose 
solution most slowly with data for 5% dextrose lving 
between. After 15 minutes the patterns of emptying of 
the three meals were virtually the same. Ludwick, Wilev 
and Bass? measured gastric emptving of 300 ml. of 0.1 
N sodium citrate, 5€ dextrose and 10 mN sodium oleate 
solutions in beagle dogs. Thev presented their data dif- 
ferentlv, but conversion of their control (preoperative) 
values to Hopkins’ method of analysis yields the same 
patterns: parallel slopes with shorter initial responses 
and longer emptying times as citrate is compared to 
dextrose to oleate. In our tests, after PCV, gastric empty- 
ing of isotonic saline solution and 5€ dextrose remained 
the same, but emptying of 10% dextrose solution was 
faster during the first 15 minutes and slower thereafter. 
interestingly, Clarke and Williams, using meals of 
750 ml of 10% dextrose in patients, obtained the same 
pattern of change after PGV. Humphrey and Wilkinson® 
reported slightly but not statistically significantly in- 
creased emptying of 25% glucose solution at 20 minutes 
in patients after this oper ation. 

Wilbur and Kelly?? measured gastric emptving of 
isotonic saline solution and of 500 mM (hvpertonic) dex- 
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trose in dogs before and after PGV. The initial meal vol- 
umes were 400 ml and the volumes leaving the stomach 
during the first 10 minutes after ingestion were measured. 
After PGV, these authors not only found faster early 
emptying of hypertonic dextrose as we did, but faster 
early emptying of saline solution, contrary to our results. 
We have no explanation for this difference. Wilbur and 
Kelly observed the same changes after selective com- 
plete gastric vagotomy and to a lesser extent after trun- 
cal vagotomy, both without drainage, and attributed them 
to their finding of increased pressure in the gastric corpus 
and fundus caused by failure of receptive relaxation by 
the stomach after vagotomy, an observation, they pointed 
out, that has been made by others.?!?9?* Our data indi- 
cating that gastric emptying of saline solution and 5% dex- 
trose solution was unchanged by PGV while hypertonic 
glucose emptied more rapidly soon after ingestion and 
slower thereafter cannot be explained by this attractive 
hypothesis alone. The control of gastric emptying, de- 
pending as it does upon integration between duodenum 
and stomach, involves several variables that are complex 
and not yet completely understood, and resolution of the 
problem awaits more data. 

Wilbur and Kelly?* also showed that PGV preserved 
the terminal antral contraction in dogs and did not 
slow gastric emptying of solids. Both complete selective 
gastric and truncal vagotomy without drainage slowed 
emptying of solids. Thus PGV more nearly preserves 


normal gastric emptying than other kinds of vagotomy 
. studied. 
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DISCUSSION 


R, foun L. Sawyers (Nashville): Dr. Hallenbeck has given 
us a very interesting presentation of the basic physiological prob- 
lems related to proximal gastric vagotomy, which is attracting 
increasing attention in the surgical treatment of duodenal ulcer 
Dr. Hallenbeck is modest, in that he did not tell you that he has 
joined forces with Dr. Ed Woodward, Dr. Herrington, and our 
group at Vanderbilt in a prospective comparative study ran- 
domizing proximal gastric vagotomy with standard ulcer opera- 
tions. We have been very impressed with the low morbidity and 
the highly satisfactory clinical results following proximal gastric 
vagotomy. l 

It is too soon to report any of our results, (slide) but I would 
like to show you some of the clinical results from the Leeds g group, 
of David Johnston and Professor Goligher, who have had a very 
extensive experience with this operation of proximal gastric vagot- 
omy. As you can see on the slide, they have studied a large 
number of patients, and two days before the meeting we received 
„a communication from Mr. Johnston that he has done proximal 
r gastric vagotomy upon 300 patients with no mortality, very low 
morbidity and no recurrent duodenal ulcers. He’s now doing the 
operation not only for elective cases, but also for acute perfora- 
tion, for bleeding, and even for pyloric stenosis. He has 20 patients 
in whom he has done a dilatation of the pyloric stenosis at the 
time of proximal gastric vagotomy and he has had to do only one 
drainage procedure later for stasis. 

(Slide) The next slide shows the studies from the Copenhagen 
group, Professor Andrup’s clinic, They have operated upon 126 
patients with very good over-all clinical results. He has had no 
recurrent duodenal ulcers in his patients. 

The concern with this operation has been the rise in the post- 
operative insulin Hollander test. Both David Johnston and Pro- 
fessor Andrup have reported about a 4% incidence of positive 
Hollander tests shortly after operation, and this has risen to over 
80% positive Hollander tests in patients who have been followed 
two to four years. While these patients have not developed recur- 
rent ulcer, there has been concer that the vagus nerves may be 
reinnervating the parietal cell mass. 

Dr. Hallenbeck’s studies in the dog are encouraging, as they 

argue strongly against vagal renervation following proximal gastric 
vagotomy, 
__ Proximal gastric vagotomy is a most intriguing operation, which 
if successful in preventing recurrence of the ulcer diathesis, should 
lead to less postgastrectomy disorders. It is important, however, 
that careful clinical evaluation before and after operation, with 
long-term followup, be done in these patients so that an accurate 
assessment of the value of the operation may be obtained at an 
early. date. 


Dn. WiLLiIAM O. Barnerr (Jackson): Several years ago we 
were interested in the question of whether it was possible to 
denervate the stomach as efficiently by the selective route as by 
the truncal method. To get some information on this question, 
(slide) we employed an experimental model which is a modifica- 
tion of the old Mann-Williamson ulcerogenic preparation, in which 
a segment of ileum is interposed between the stomach and the 
duodenum. 

Now, the end point for this experiment is relatively precise; the 
interposed segment of ileum either reveals an ulcer, or it does not. 

(Slide) This is the appearance of a normal, protected mucosal 
segment, with absolutely no evidence of an ulcer. 

(Slide) On the other hand, ulcers are apparent on this slide. 

(Slide) And again, the ulcers in this segment were not diffcult to 
visualize. 

(Slide) In our control animals you can see that we observed 
18 of 20 ulcers with no vagotomy at all. With truncal vagotomy 
we obtained six ulcers and with selective vagotomy we produced 
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four. So, in fact, we could protect just as well against these ulcers 
with selective vagotomy as we could with truncal vagotomy. 

On the other hand, when we attempted to vagally denervate 
the proximal parietal cell mass and leave the antral innervation 
intact, you can see that we observed 14 ulcers. This difference 
between truncal and proximal gastric vagotomy is statistically 
significant. 

Well, these results dampened our enthusiasm somewhat for 
partial vagal denervation of the stomach, and we intend to follow 
the results of the clinical application of this procedure with great 
interest. 


Dr. Lest P. LeQuesne (London): I was very interested in 
Dr. Hallenbeck's paper, and particularly with the aspects of it 
that were concerned with the effect of vagal denervation of the 
stomach on gastric emptying, because it's been abundantly clear 
for a number of years that the problems of the surgical treatment 
of peptic ulceration, or some of the problems, arose from the fact 
that the operations that we use to cut down acid secretion also 
profoundly affect the manner in which the stomach empties. 

I absolute ly agree with Dr, Hallenbeck when he says that people 
have had a hunch that gastric emptying is altered by truncal 
vagotomy n by selective vagotomy. James Thompson: and two 
or three others of his colleagues in the Department of Surgical 
Studies at The Middlesex Hospital have been studying this prob- 
lem over the past two or three years, giving hyperosmolar meals 
to patients before and after vagotomy and then using an isotopic 
method of measuring gastric emptying; and, indeed, following 
cither truncal or selective vagotomy. Bv this test there are very 
profound alterations in the way in which the stomach handles 
these solutions, and a very large number of these patients end up 
with what mav be called an incontinent stomach. 

At first glance, this seems strange, that the patient who,has had 
the motor nerve of the stomach divided should empty his ‘stomach 
more rapidly than a normal person. But such, in fact, is the case, 
and this is very well established. 

But the emptying curves show not only that the over-all rate 
of gastric emptying is increased; they show something else which 
is very important, and I hoped that perhaps Dr. Hallenbeck would 
comment on this: that if you use these solutions, and if, indeed, 
you carry out this test with solid meals in patients, you will find 
their gastric emptying is a biphasic phenomenon. There's a rela- 
tively slow period of emptying lasting five or ten minutes, and 
then the stomach starts emptying in an exponential fashion. One 
of the striking changes in many patients who have had a vagotomy 
is that there isn't this initial period of very slow emptying. The 
stomach starts emptying very rapidly right from the start, and the 
interesting thing is that it appears that these patients who have 
very rapid emptying from the start also have dumping symptoms 
after the operation of vagotomy. 

I wonder if Dr. Hallenbeck would comment more about this 
early stage, because Fm sure it’s a mistake, when we are con- 
templating gastric emptying after these operations, just to think 
about the over-all rate of gastric emptying; in other words, just to 
measure the T-X of gastric emptying. 

Dr. Hallenbeck used the phrase that people had a hunch that 
gastric emptying is altered. If I may use the phrase, I have a 
hunch—and a number of other people do—that it's what happens 
to emptying in the first two to three minutes after a meal that 
probably has a profound effect upon the whole of the course of 
gastric emptving after operation, as it may very well be that this 
modifies a whole number of gastrointestinal hormonal responses 
which in turn affect gastric emptying. 

Dn. C. Rogert Mason (Baltimore): 1 would like to ask two 
questions, one based on physiologic data that's available, and 
the other on clinical. 
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The Japanese and a number of others have observed that the 
basic electric rhythm of the stomach is greatest near the esophago- 
gastric junction, and that there are other pacemaker centers that 
are near the pylorus. When these two centers are denervated, very 
often there is a predominance of the pyloric pacemaker, with retro- 
grade peristalsis. It’s certainly conceivable that this, when it is 
separated from the proximal stomach, could serve as a block to 
emptying. 

Now, in looking at your slides, we noticed that later on in these 
animals there was a marked increase in secretion. In other experi- 
ments done some years ago by Dr. Dragstedt and others with 
vagotomy we have noticed that stasis in the stomach does tend 
to increase secretions on a hormonal basis. I wonder if possibly 
the late secretion we see here is not merely a response to stasis. 

I have some severe question in my mind as to the validity of 
most of our studies of gastric emptying. They certainly do not 
seem to correlate well with clinical situations, and I doubt very 
much if the liquid meal is a very valid measure of gastric emptying 
in these patients, or in your subjects as well. 

The second question has to do primarily with the surgeon in 
practice, dealing with our well-developed, well-nourished Ameri- 
can public. If we are to pursue the denervation of the lesser 
curvature as a satisfactory solution to the ulcer problem, do you 
not feel that we will have a much higher incidence of incomplete 
vagotomy, as opposed, perhaps, to the Japanese, where these vagus 
nerves stick out a little more cleanly? 


Dr. PauL JonpaN (Houston): Because of its great simplicity, 
there is a growing interest in the operation which has been re- 
ported here. There are three basic questions regarding the opera- 
tion which this paper addresses itself to. First: Will the stomach 
empty adequately and in a relatively normal way without a drain- 
age procedure? 

If the pyloric lumen is of adequate size, and the denervation 
of the fntrum is not excessive, the available clinical evidence is 
that emptying will be satisfactory. This supports the work pre- 
sented in Dr. Hallenbeck's paper as well as that previously re- 
ported by Wilbur and Kelly (Ann. Surg., 178:295, 1973). 

There is a point of contention between this paper and that by 
Wilbur which has to do with the emptying of 10% glucose. I 
would like to ask Dr. Hallenbeck if he thinks that the early rapid 
emptying of 10% which he noted in contrast to Wilbur might 
contribute to early dumping observed in some patients after 
highly selective vagotomy without drainage. Early dumping occurs 
only occasionally and it's very mild, but it does occur. 

The second question is: Will the operation prevent the un- 
pleasant alimentary symptoms associated with most gastric pro- 
cedures? The clinical evidence suggests that the answer is a re- 
sounding yes, and this may be due to the more or less normal 
emptying which Dr. Hallenbeck has reported. 

The third question regarding the operation is: Will the opera- 
tion prevent recurrent ulcers? Dr. Hallenbeck’s paper is largely 
concerned with this question indirectly. The important observa- 
tion he has made is that the acid response to insulin stimulation 
increases with time, whereas the pepsin response does not. The 
possible explanations for increased acid secretory response to in- 
sulin are: First, the possibility of reinnervation which Dr. Hallen- 
beck doesn't think is the case, and we certainly don’t either. 
In a prospective study of truncal vagotomy and pyloroplasty and 
truncal vagotomy and anterectomy we found after three years 
that 50% of the patients had a positive insulin test after vagotomy 
and pyloroplasty which is about the same percentage of positive 
insulin tests in one year after highly selective vagotomy, yet 
only 14% had a positive insulin test after truncal vagotomy and 
anterectomy. It is inconceivable to me that the same surgeons could 
get a 50% positive insulin test with one operation and 147 with 
the other if the positive insulin test was due to reinnervation. 

Another possible explanation is that there is an increased sensi- 
tivity of the parietal cells to gastrin which may be increased by 
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vagal stimulation of the antrum. There seems to be no reason 
why this is true. As a matter of fact, one of the possible ad- 
vantages of highly selective vagotomy is that the secretory re- 
sponse of parietal cells to gastrin is not increased. The sensitivity 
of denervated parietal cells to gastrin in the dog is increased, 
however, after the extragastric vagi are cut. We do not know as 
yet if man is like the dog in this regard. 

The third possibility for the increasing incidence of positive 
insulin tests is that there is an increase in gastrin release. We have 
all been concerned about leaving an innervated antrum. In the 
dog there is a vagal release of gastrin but it is so small in amount 
that its effect on denervated parietal cells is barely measurable. 
In man, the vagal release of gastrin for several reasons which 
time does not permit me to develop does not appear to be a 
satisfactory answer to the high incidence of positive insulin tests 
after highly selective vagotomy. Perhaps an explanation might 
be that insulin exerts a direct effect on the parietal cells or on the 
antrum to cause gastrin release. Retention of the antrum after 
both truncal vagotomy and pyloroplasty and highly selective 
vagotomy might prove to be the common factor responsible for. 
about the same but increased number of positive insulin tests 
after both of these operations compared with truncal vagotomy and 
antrectomy. As a basis for this hypothesis, there are several other 
functions stimulated by hypoglycemia which are due to the di- 
rect effect of insulin rather than to vagal stimulation as pre- 
viously thought. 

If highly selective vagotomy is better than truncal vagotomy 
and pyloroplasty in the prevention of ulcers it must be due to 
some other mechanism than by superior reduction in the secre- 
tion of gastric juice. We thus come full circle and ask Dr. Hallen- 
beck if the preservation of near normal emptying of the stomach 
and the prevention of duodenal reflux contribute to the preven- 
tion of recurrent ulcer. 


Dn. GEORGE A. HALLENBECK (Closing discussion): Dr. Sawyers 
gave us some data that came from Leeds, England, and I would 
make only one comment about them. You may not have noticed 
as the slide was on that the incidence of Visick Grade I and II 
Results—and that means perfectly satisfactory results—was 88% 
at the end of two years. Comparable values for vagotomy-antrec- 
tomy and for partial gastrectomy without vagotomy from their 
own data at two years are 80 or 81%. Conclusion: In order to 
show a statistically significant difference between the new opera- 
tion and the older ones, one would: have to have a large number 
of cases—something worth keeping in mind. 

I think Dr. Barnett’s data on the ulcerogenic operation in dogs 
are most interesting. There are other ways that this has been done, 
in fact, with the opposite result (Interone, et al. from the labora- 
tory of Nyhus, Arch. Surg., 102:43, 1971). 

I think Professor LeQuesne's remarks were especially appropri- 
ate. He called attention to what some authors from his country 
have spoken of as gastric incontinence, I believe, after vagotomy, 
and wonders how this might be with the new operation. Patients 
having diarrhea, Professor LeQuesne, also have pyloroplasty as- 
sociated with the vagotomy, and I have thought that perhaps it 
was the pyloroplasty that was very important in that very quick 
emptying that seemed to occur there. 

Dr. Mason asks about the basic electrical rhythm of the stomach 
and what it does. Of course, I haven't had any experience measur- 
ing that. The recent paper by Wilbur and Kelly presented at the 
meeting of the American Surgical Association last spring was de- 
voted to a great extent to just that, and as you know, Dr. Kelly has 
done a great deal in trying to identify the location of the gastric 
pacemaker. He found that this operation, although it made some 
changes in the basic rhythm, did not alter it substantially. 

The question of whether any meaning can be attributed to 
use of a liquid test meal, as opposed to some other kind of meal, 
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is a good one and perhaps an answer to it is that one can study 
both with profit. Dr. Kelly, in fact, has an hypothesis that the 
fundus and the corpus of the stomach on the gastric side are 
p principally concerned with emptying of liquids, and the antrum 
with the emptving of solids. But one does drink liquids, and any- 
thing that alters that may have some effects on the patient. 

I think it was Dr. Jordan who wondered whether the more 
rapid early emptying hypertonic solutions, such as our 10% dex- 
trose, might play a role in those few patients who have dumping 
after the operation; I think, of course, that it might. 

One Jast comment—or a prediction. I have an idea that one 
of the ways in which this operation may run into trouble as time 
passes will be incomplete vagotomies. While it’s true that David 
Johnston in Leeds and Erik Amdrup in Copenhagen have had as 
much as 97% anatomically seca operations, you must remem- 
ber that they are doing those all themselves, or with, at most, 
one other person. We have done 40 or 45 of these now, and we 
have had three in which operation was not done well enough to 
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reduce the response to insulin the way it was supposed to, and 
two of those three have come back with recurrent duodenal ulcers 
and have had other operations. One of them may have the Z-E 
syndrome, Serum gastrin is being measured but the result has 
not yet been reported to us. 

I have also one patient in whom I think we must have gotten 
a bit too close to the pvlorus with the dissection. He was an obese 
patient, a little difficult —-everybody has an excuse, vou know— 
and he didn't empty his stomach properly. Now, he has a gastric 
ulcer along the lesser curve, and he is going to require another 
operation. 

I hold great hopes for this operation, but I think some of these 
things I mention will have to be ironed out. I would certainly 
say it is not ready for everybody to try because he has heard 
about it. It takes five or ten years to answer the question of 
whether any operation for duodenal ulcer is better than any 
other operation, and I, at least, would sav that this is the light 
in which these data are presented to vou. 


Reflux Gastritis Following Gastric Surgery 


Reflux gastritis is a distinct clinical entity produced by the 
reflux of duodenal and proximal intestinal content into the 
stomach following operations which create a stoma between 
the stomach and proximal intestine or following pyloroplasty. 
In 24 patients this clinical pattern was documented and 
these findings were supported by gastroscopic demonstration 
of reflux and the microscopic pattern of reflux gasritis. Di- 
version of proximal intestinal content from the stomach in 
such patients uniformly led to relief of symptoms with dis- 
appearance of gastritis and postoperative weight gain. The 
possible role of bile, pancreatic juice and acid as an ex- 
planatiqn for the mechanism of this entity is presented. 


ITH THE INCREASING UTILIZATION of fibroptic gas- 
troscopy and with improved methods for determi- 
nation of gastric mucosal function, there has occurred 
within recent years an increased awareness of reflux 
gastritis. For many years it has been recognized that 
gastritis to a varying degr ee may occur in any procedure 
which bypasses the pylorus or in which the pylorus is 
rendered incompetent. Nevertheless, a number of in- 
vestigators have begun documenting during the past 
two decades the possible deleterious effects of reflux of 
bile and/or pancreatic juice into the stomach following 
such procedures.! 5. 13—15,17,20,21,22,27,29,31,33-35 
In reviewing a large series of patients who had under- 
gone gastric procedures at Charity Hospital, we became 
impressed with a small but significant group of patients 
who demonstrated a distressing symptom complex of 
weight loss, vague, diffuse epigastric pain, and nausea 
with emesis which was occasionally mixed with bile. 
Most of them had multiple hospital admissions. In al- 
most every instance their gastric juice was achlorhydric 
in both the fasting sample and following histamine stim- 
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ulation. The impressive pattern of diffuse gastritis pres- 
ent on gastroscopv made us re-examine arefully their 
problems and the present report represents an extensive 
study of the 24 patients in whom the diagnosis of reflux 
gastritis was made and surgical intervention was under- 


taken during the past five years (1968-1973). 


Clinical Material 


Of the 24 patients who have undergone surgical cor- 
rection for reflux gastritis, 17 were males and 7 were 
females. They ranged in age between 33 and 70 years. 
All patients’ initial surgery was for peptic ulcer disease _ 
and all had operations which either bypassed or created 
an incompetent pylorus. Five of these patients had as 
their original procedure a bilateral truncal vagotomy, 
antrectomy and gastroduodenostomy (Billroth I); eight 
had a bilateral truncal vagotomy, antrectomy and gastro- 
jejunostomy (Billroth II); seven had a subtotal gastrec- 
tomy and gastrojejunostomy without vagotomy; two 
had a bilateral truncal vagotomy and pyloroplasty; and 
the remaining two had a simple gastrojejunostomy with- 
out vagotomy. 

All of the patients except one presented with diffuse 
epigastric pain and associated nausea and vomiting 
(Table 1). Nineteen had bile present in the emesis 
which was not necessarily associated with meals. Nine- 
teen patients also presented with chronic weight loss 
ranging from 5 to 60 pounds with a mean of 15 pounds. 
Nine patients had some evidence of upper gastrointes- 
tinal bleeding, two of whom had massive hematemesis 
requiring iuuncdidte transfusion and admission to the 
surgical service. Three patients in addition to reflux gas- 
tritis had dysphagia due to associated reflux esophagitis. 
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The interval between initial surgery for peptic ulcer 
disease and the onset of symptomatic reflux gastritis 
ranged from two months to almost 20 years. All patients 
demonstrated either a histamine fast achlorhydria or a 
hypochlorhydria on gastric analysis. Upper gastroin- 
testinal x-rays were uniformly within normal limits ex- 
cept in one patient who demonstrated an ulcer on the 
gastric side of a gastrojejunostomy. This patient was also 
achlofhydric. Six patients had a microcytic, hypochromiuc 
anemia secondary to chronic gastric hemorrhage. All 
patients were gastroscoped preoperatively and free re- 
flux of bile into the gastric remnant was demonstrated, 
this was associated with an extremely friable, atrophic 
gastric mucosa often covered with multiple small super- 
ficial ulcers. 


¢ All of these patients had been followed for a variable 


period and represented failures in medical management 
consisting of dietary controls, antacids and spasmodics. 
Four of these patients were also treated with Cholestyra- 
mine in an effort to remove bile salts from the stomach, 
but even these efforts were unsuccessful. Of further in- 
terest was the fact that three patients had additional 
gastric. procedures for the symptoms following their 
initial procedure and these procedures were also un- 
successful. Our indications for surgerv in this group of 
patients were threefold; failure to improve on strict inedi- 
cal management or gastric bleeding, gastroscopie docu- 
mentation of bilious reflux through the anastomosis or 


Fic. 1. Typical changes 
in mild reflux gastritis. 
Castroscopic biopsy ob- 
tained in this patient re- 
vealed chronic inflanima- 
tion, edema and mild 
ulceration of the mucosal 
glands. There is elonga- 
tion and "corkscrewing" 
of the gastric glands ex- 
tending downwards to- 
wards the lamina muscu- 
laris mucosa. (45x ) 
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lasie lo Reflux Gastritis Symptoms 
No. Patients 
Epigastrie pain 23 
Nausea and vomiting 23 
Bilious vomiting 19 
Weight loss ]9* 
Bleeding 9 
Dysphagia 3 


* 5 60 Ibs. (mean = 15 Ibs.) 
pylorus and gross and microscopic evidence of diffuse 
gastritis. 
Castroesophagoscopy 

All patients had at least one and often repeated gas- 
troscopic studies in order to determine the effects of 
medical management and to document the course of their 
disease. A striking pattern appeared to evolve from these 
studies. First, was the almost continuous regurgitation 
reflux into the stomach of a mixture of bile stained duo- 
denal content. Secondly, there was evidence of extremne 
friability of the gastric mucosa with multiple punctate 
ulcerations and a granular, atrophic appearance. The mu- 
cosa appeared to bleed easily upon contact with the 
fibroptic gastroscope. In all cases, recurrent or marginal 
ulcer was excluded. Biopsies were taken from numerous 
sites whenever possible and these were correlated with 
the gastroscopic pattern. 

The typical changes are shown in Fig. | from a gastro- 
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scopic biopsy in a patient with long standing symptoms 
of epigastric pain, nausea and vomiting and weight loss 
six years following previous gastric surgery. We have 
interpreted the pattern in this figure as "mild", but 
elongation of the gastric glands can be clearly seen along 
with inflammatory changes present in the mucosa. Only 
rarely did the extent of gastritis penetrate the lamina 
muscularis mucosa. Small superficial ulcerations of the 
tips of the gastric glands are also evident. 

A more advanced form of reflux gastritis is shown in 
Figs. 2a and b, taken from different areas of the stomach 
in the same patient. Denudation of the gastirc mucosa 
is clearly shown along with marked elongation of the 





Fic. 2a, b. A more advanced form of reflux gastritis is depicted 
in these gastroscopic biopsies from another patient with bilious 
vomiting, epigastric pain and weight loss who had histamine fast 
achlorhydria. 2a (above) shows denudation of the gastric mucosa 
with an inflammatory exudate on the surface. 2b (below) taken 
from another area of the stomach shows marked atrophic changes 
in the mucosa with diminution in the numbers of chief and parictal 
cell. (45x ) 
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gastric glands extending to the muscularis mucosa and 
a severe inflammatory response and congestion. 

The degree to which reflux may produce severe altera- 
tions in the gastric mucosa is shown in Fig. 3. There 
can be seen shallow ulcerations with sloughing of the 
tips of the gastric glands, a diffuse fibrinous exudate and 
numerous inflammatory cells. This patient had disabling 
symptoms and had lost 40 pounds of weight over the 
previous five years. x 


Surgical Procedures 


In these 24 patients who were deemed surgical candi- 
dates according to the previously mentioned criteria, a 
variety of procedures were performed, all aimed to pre- 
vent reflux of duodenal juice, including bile, into the 
stomach or gastric remnant (Figs. 4-7). Fifteen patients 
had a Roux En-Y anastomosis (Fig. 4) in which at least 
a 25 cm interposed jejunal limb was utilized. Of these 
fifteen patients, five had had a previous vagotomy and 
antrectomy with gastroduodenostomy, four had a pre- 
vious vagotomy, antrectomy with gastrojejunostomy, four 
had a subtotal gastrectomy (Billroth II) with no vagot- 
omy, one had a previous vagotomy and pyloroplasty and 
one patient had a simple diverting gastrojejunostomy. 

In five patients a Tanner 19 procedure was performed 
in which the afferent limb of the gastrojejunostomy was 
transected and reimplanted into the efferent limb (Fig. 
5). This defunctionalized limb of jejunum also measured 
25 cm. Advantages of the Tanner 19 procedure included 
the ease with which it could be performed by obviating 
the need to dissect the entire anastomosis which in some 
instances was extremely high, particularly in patients 
with more radical gastric resections. All five of these 
patients had had a previous gastrojejunostomy, four with 
vagotomy and antrectomy and one with a high subtotal 
gastrectomy alone. 

A 10 cm isoperistaltic loop of jejunum (Henley loop) 
interposed between the gastric remnant and the duo- 
denum was utilized in three patients (Fig. 6). Two of 
these patients had a previous subtotal gastrectomy and 
one patient a previous vagotomy and pyloroplasty. 
Finally, in the remaining patient who had had a gastro- 
jejunostomy performed fifteen years previously for an 
obstructing duodenal ulcer which had healed, the anasto- 
mosis was taken down and normal intestinal continuity 
restored (Fig. 7). All patients except the last one men- 
tioned had a vagotomy added to the diversionary pro- 
cedure. 


Results 
The results of surgery in the entire group of 24 patients 
are shown in Table 2. Thirteen of the fifteen patients with 
a Roux-Y loop are classified as an excellent result and 
remain asymptomatic for periods ranging from three 
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Fic. 3. A severe form of 
reflux gastritis is shown 
in this specimen obtained 
from a patient who had 
disabling symptoms. The 
gastroscopic biopsy re- 
vealed ulceration of the 
gastric mucosa, elonga- 
tion of the gastric glands, 
severe inflammatory re- 
sponse and areas of hem- 
orrhage. The disease is 
superficial to the muscu- 
laris mucosa. (45~x ) 
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months to four years following the definitive procedure. 
One additional patient is classified as a good result, for 
despite the fact that his preoperative symptoms of ab- 
dominal pain and vomiting had ceased, he continued 
to have mild dumping symptoms which existed preop- 
eratively. Another patient, a 52-year-old male, was doing 





ROUX Y 
15 patients 


PREVIOUS SURGERY: 


5 Vagotomy; Antrectomy; Billroth | 
Billroth Il 
Billroth Il 


4 Vagotomy; Antrectomy; 


4 Subtotal Gastrectomy; 
(no vagotomy in these) 
1 Vagotomy; Pyloroplasty 


| Gastrojejunostomy 


Fic. 4. The Roux-Y technique of bypass of the anastomosis is 
shown. 25 cm limb of defunctionalized jejunum was utilized in 
15 patients. In our experience 25 cm limb was adequate in pre- 
venting reflux. Vagotomy should be added if not previously per- 
formed in order to prevent recurrent ulceration. 


well in the postoperative period until the 10th postop- 
erative day when he developed a sudden massive pul- 
monary embolism and expired. 

Of the 5 patients offered a Tanner 19 procedure, all 
remain asymptomatic with excellent results. Similarly, 
the three patients with a Henley loop also remain asymp- 
tomatic and are classified as excellent; the patient with 
takedown of the gastrojejunostomy also remains asympto- 
matic. 

The relief of symptoms following these surgical pro- 
cedures was indeed striking. Abdominal pain rapidly dis- 
appeared, in most instances during the immediate post- 
operative period, vomiting was no longer a problem and 
all patients gained weight. The clinical response was also 
accompanied by a marked improvement in the gastro- 
scopic apearance of the stomach in all of these patients. 
A typical patient is presented in the following case report: 


TANNER 19 | \— 
Fic. 5. Tanner 19 technique ida: 
of reconstruction for reflux : m 
gastritis. Advantages of this f A ¥ 
technique include the limited | 
exposure necessary and implan- 
tation of the afferent limb into 


> PREVIOUS SURGERY: 
the efferent limb as Tm 


shown. 


4 Vagotomy; Antrectomy, 


Five patients were offered this | Billroth I 
x r m 
procedure. PS " NER 
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HENLE LOOP 
3 patients 






Fic. 6. Henley loop recon- 
struction utilizing a 10 cm 
interposed loop of isoperistalic 
jejunum between the gastric 
remnant and the duodenum. 
Vagotomy was added in the 2 
patients in whom it had not 
been previously performed. 
* Missae" Three patients were offered this 
| Vagotamy; Prloroplasty procedure. 


PREVIOUS SURGERY: 


Case Report 


A 53-year-old Caucasian female underwent a bilateral truncal 
vagotomy, hemigastrectomy, and gastroduodenostomy in 1957 for 
intractable peptic ulcer disease. She remained symptom free until 
1962 when she developed recurrent nausea, vomiting and severe 
epigastric pain. Her symptoms were not relieved by antacids. 
Upper gastrointestinal x-rays demonstrated hypertrophy of the 
gastric mucosal folds. Gastroscopic examinations revealed multiple 
superficial perianastomotic ulcerations and diffuse gastritis. Be- 
cause of these symptoms in 1963 a resection of the previous 
anastomosis and conversion to a gastrojejunostomy (Billroth II) 
were performed. She did well following this second procedure 
until 1971 when her nausea and abdominal pain recurred, She 
had multiple hospitalizations between 1971 and 1973 but evalua- 
tion on each occasion revealed only gastritis and she was dis- 
charged on medica] therapy. In June, 1973 she was admitted 
to the Tulane Surgical Service at Charity Hospital with hema- 
temesis, bilious vomiting, severe epigastric pain and chronic weight 
loss. Admission hematocrit was 24% and stools were guaiac posi- 
tive. An SMA-12 profile was normal except for hypoalbuminemia. 
Upper gastrointestinal x-rays were interpreted unremarkable. 
Gastroscopy revealed a friable, atrophic gastric mucosa with super- 
ficial punctate ulcerations (Fig. 8a). Bile freely refluxed into the 
gastric pouch. A 12-hour gastric analysis and histamine stimula- 
tion revealed achlorhydria with a large quantity of bile in the 
gastric aspirate. After no improvement on medical management 
she was re-explored at which time there was no evidence of 
loop obstructions or marginal ulcer. A Tanner 19 diverting pro- 
cedure was performed and her postoperative course was unre- 
markable. At five months following her revisional surgery she 
remains completely asymptomatic. Repeat gastroscopy with biopsy 
revealed an entirely normal gastric mucosa (Fig. 8b). 


Figure 9 shows the gastroscopic biopsy taken three 
years after a Roux-Y bypass procedure in another pa- 
tient who had perhaps the most severe and distressing 


ANASTOMOSIS 
TAKEDOWN 


i patient 








Fic. 7. Technique utilized in 
one patient with severe reflux 
gastritis 15 years following gas- 
troenterostomy. Because of the 
patients advanced age (81) a 
simple take-down on the anas- 
tomosis was performed and she 
has remained asymptomatic. 


PREVIOUS SURGERY: 
Simple Gastroentorastomy 
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TABLE 2. Results of Surgery in Entire Group of 24 Patients 
Results 
No. 
Operation Patients Excellent Good Poor 
Roux Y 15 13 1* 1} 
‘Tanner 19 5 5 6 0 
Henley loop 3 3 0 0 
Anastomosis Takedown 1 1 0 0 





* Continued dumping syndrome | 
1 Post-op death, pulmonary embolus—10 days 


preoperative symptoms in this entire series of patients. 
This reveals a normal gastric mucosa; the patient is now 
totally asymptomatic, has returned to full work and is 
extremely gratified with the result. 


Discussion 


For many years it has been pointed out by both gastro- 
scopists and pathologists that gastritis of varying degree 
may develop in from 5 to 35% of patients following the 
creation of a stoma between the stomach and the in- 
testine. More recently, this same phenomenon has also 
been documented after pyloroplasty." However, very 
little attention was paid to these observations despite the 
fact that scattered case reports began appearing sup- 
porting the fact that such "alkaline" reflux might be re- 
sponsible for some of the symptoms of abdominal pain, 
bilious vomiting and weight loss following these opera- 
tions. It was further supposed that the presence of bilious 
vomiting was possibly the result of an afferent or efferent 
loop syndrome, representing a mechanical obstruction or 
some other functional abnormality of the anastomosis 
and such patients were often group classified as "afferent 
loop" syndrome.13.35 

Largely due to the. initial reports by Tanner?! Law- 
son,59 DuPlessis,*? Toye and Williams,? Wells and 
Johnston?* Van Heerden and his associates,?? and Bart- 
lett and Burrington,! the clinical pattern of reflux gastritis 
evolved. Most of the early investigators presumed that 
the deleterious effect of duodenal or proximal small bowel 
content upon the stomach was related to its alkalinity 
although the mechanisms involved were unknown. It re- 
mained for Davenport? in 1968 to demonstrate experi- 
mentally that bile and bile salts were capable of disrupt- 
ing the ability of the gastric mucosa to contain hydrogen 
ion within its lumen and he proposed the hypothesis of 
back diffusion of hydrogen ion as the possible culprit 
initiating the train of events leading to gastritis. Daven- 
port further demonstrated that the back effusion of hy- 
drogen ion into the wall of the stomach was associated 
not only with the outpouring of water, sodium and pro- 
tein into the lumen but also with the release of pepsin 
into the gastric juice. 
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Fic. 8a, b 8a (left) shows preoperative gastric biopsy in 53-year-old female with reflux gastritis. The inflammatory and ulcerative 
changes in the mucosa are well shown. 8b (right) shows repeat gastric biopsy five months following Tanner 19 diverting procedure 
The gastric mucosa appears normal and patient is asymptomatic. (45X ) 


Since these initial observations numerous investigators 
have studied experimentally the possible mechanisms in- 
volved in the production of diffuse and/or atrophic 
gastritis in these patients. DuPlessis? measured bile acid 
conjugates in gastric aspirates and found that patients 
with gastric ulcer had considerably larger amounts of 
bile acids in overnight gastric juice collections compared 


Fic. 9. Gastric biopsy ob- 
tained three years follow- 
ing Tanner 19 diverting 
procedure for reflux gas- 
tritis. This patient had 
symptoms of reflux gastri- 
tis for 8 years following 
truncal vagotomy, hemi- 
gastrectomy and Billroth 
II reconstruction. He be- 
came asymptomatic 
within a few days fol- 
lowing surgery and has 
remained asymptomatic. 
The biopsy at three years 
reveals normal gastric 
mucosa. (45x ) 
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to normal individuals or even patients with duodenal 
ulcer. 

Rhodes and his group were able to document by an 
ingenious technique utilizing an intravenous dose of car- 
bon!* tagged bile salts and measuring the concentration 
of radioactive bile salts in the gastric aspirate that re- 
gurgitation of duodenal contents through the pylorus into 
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Fic. 10. Postulated mechanism of pathogenesis of reflux gastritis. 


the stomach was considerably higher in patients with 
gastric ulcer as compared to patients with normal stom- 
achs or with duodenal ulcer.?? 

Van Geertruyden!?! demonstrated that following the 
partial gastrectomy with Billroth II reconstruction in 
humans, the residual gastric pouch showed a progres- 
sive diminution in its ability to secrete acid and this cor- 
related well with the pathologic finding of gastritis. Law- 
son further demonstrated that in dogs with Billroth II 
reconstruction extensive gastritis could be found in the 
gastrio pouch whereas following a Billroth I reconstruc- 
tion the gastritis appeared to be limited to the area sur- 
rounding the anatomosis.!? 

Ritchie and his associates**?¢ measured the parietal 
and chief cell population of the residual gastric pouch 
after antrectomy with a Billroth I type of reconstruction 
and found that these are unchanged up to one year fol- 
lowing the procedure. However, after a Billroth II recon- 
struction, there was a progressive diminution in the num- 
bers of parietal and chief cells and there appeared 
characteristic changes of atrophic gastritis in the area ad- 
jacent to the gastric jejunostomy. In subsequent studies 
Delaney, Ritchie and their associates? reported an in- 
genious series of experiments in which a tube of gastric 
wall was reconstructed from the greater curvature of the 
dog's stomach, pedicled upon the short gastric vessels, 
interposed at various sites in the gastrointestinal tract 
and biopsied. They were able clearly to show that ex- 
posure to jejunal content led to rapid and profound 
mucosal changes consisting of round-cell infiltration, the 
appearance of mucous cells deep in the gastric crypts, 
diminution of parietal and chief cells, and cystic dilata- 
tion of the glands. On the other hand, tubes of gastric 
mucosa exposed to pure bile did not demonstrate these 
changes whereas tubes exposed to pancreatic juice alone 
did show changes, although they were milder and slower 
to develop. 

The apparent lack of the ability of bile alone to pro- 
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duce such changes was also supported by Byers and 
Jordan* who implanted vascularized patches of gastric 
mucosa into the wall of the gall bladder in dogs. Even 
after one year the mucosa appeared normal and they 
concluded that bile alone was incapable of inducing 
gastritis but theorized that something additional was 
needed, possibly acid. Nevertheless, a considerable con- 
troversy arose concerning whether or not bile alone, in 
combination with pancreatic juice, or the combination of 
bile, pancreatic juice and acid were needed to produce 
this pattern of gastritis. 

Ivey!*!5 and his associates demonstrated that the 
high concentration of bile salts found in the stomach of 
patients with gastric ulceration were possibly responsible 
for the marked increase in back diffusion of hydrogen ion 
in the human stomach. Johnson!? in a very sophisticated . 
series of experiments showed conclusively the definite 
disruption of the gastric mucosal barrier to hydrogen 
ion causing release of large quantities of pepsin, thus 
providing another link in the chain of processes caused 
by back diffusion as previously postulated by Davenport. 
Disruption of the gastric mucosal barrier to hydrogen 
ion with consequent back diffusion has also been re- 
cently implicated in the development of stress ulcera- 
tions by Skillman, Silen and their associates in a large 
percentage of seriously ill surgical patients.?999 Simi- 
larly, Hamza and DenBesten have incriminated bile and 
bile salts in the destruction of the gastric mucosal bar- 
rier.!? 

Nahrwald in another significant series of experiments 
demonstrated that bile and bile salts were able to release 
gastrin from the denervated antrum.?? This demonstration 
added another dimension to our knowledge of the patho- 
genesis of reflux gastritis, for not only could direct in- 
jury to the gastric mucosa by bile, bile salts and pan- 
creatic juice be postulated but also the stimulation of 
gastrin release by these substances might further agra- 
vate the mucosal destruction by added production of 
hydrogen ion and back diffusion through the mucous 
blanket producing a vicious cycle. Bedi and his associ- 
ates have also confirmed the release of antral gastrin by 
bile salts? 

Regardless of the mechanism involved, in patients in 
whom free reflux of bile and duodenal juice can be dem- 
onstrated along with the presence of diffuse gastritis and 
symptoms of vomiting, abdominal pain and weight loss, 
the salutary effect of bypass of the secretions from the 
gastric remnant has been amply demonstrated by Bart- 
lett DuPlessis? Joseph," Lawson, Mackman,? Rut- 
ledge," Tanner! Toye,? Van Heerden,?? and Wells.’ 

The present series of 24 patients in which every pa- 
tient had gastroscopic evidence of gastritis, and the fur- 
ther documentation that in every one of these patients 
relief of this pattern could be accomplished by diversion 
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of duodenal and/or proximal jejunal contents from the 
stomach lends overwhelming support to the observa- 
tions previously cited bv others. In fact, the responses 
of our patients to such surgery were so prompt and so 
gratifying to the patients that. in our opinion, little need 
exists at the present time to continue to procrastinate 
with other forms of therapy in such patients. 

We continue to favor either the Roux-Y reconstruction 
in sueh patients or the Tanner 19 procedure which rep- 
resents a modification of the Roux-Y technique but is 
simpler and more quickly performed for the anastomosis 
does not have to be dissected free completely. Neverthe- 
less, caution must be raised in recommending such pro- 
cedures, particularly in patients who have a large gastric 
remnant or in whom the antrum is present for it has been 


» aptly demonstrated by many surgeons during the past 


three decades that diversion of dodena contents from 
the anastomosis in such patients may lead to recurrence 
of the ulcer diathesis. We therefore feel, as does Du- 
Plessis, that it is important to perform a vagotomy in all 
patients in whom it had not previously been performed. 

Although the results with the interposed, isoperistaltic, 
10 cm Henley loop in three of our patients are similar 
to those in which the Roux-Y bypass or the Tanner 19 
loop was utilized, we do not see any advantages in the 
Henley loop and it is considerably more difficult to per- 
form. 

Further caution must be instilled, lest the unwary 
surgeon begins to ascribe all symptoms of pain, vomiting 
And weight loss after gastric operations to reflux gastritis. 
In our experience, the majoritv of patients with such 
symptoms still have other causes responsible for these 
, symptoms, including afferent loop syndrome and recur- 

rent M ulcer. For these reasons we feel stronglv 
that a complete work-up should be performed in all 
such patients including careful roentgenologic studies, 
gastroscopy and biopsy along with studies of the gastric 
secretion. If other causes can be ruled out, and if the 
typical panem of gastritis as shown in gastroscopic 
biopsies is present along with symptoms of abdominal 
pain, weight loss and the demonstration of free reflux 
of bile into the stomach, then the diagnosis of reflux 
gastritis can be firmly established. 
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DISCUSSION 


Dr. J. Lyvwoop HEnnixcTON, Jaro (Nashville): As all of you 
know, bilious vomiting was recognized even before the turn of 
the century, shortly after Anton. Wolfler performed the first. gas- 
troenterostomy in 1881. As a result, surgeons over the follow ‘ing 
decades have used various modifications of gastric resection and 
various modifications of gastroenterostomy with hopes of allevating 
this distressing problem. As Dr. Drapanas stated, it is, however, 
only within the last few years that these cases have heen. idit: 
mented as the result of the use of the Bbreoptic gastroscope and 
hiopsy examinations. 


I think, also we are indebted to our British and European friends 
for bringing this problem to our attention, They were fully aware 
of this entity 20 years ago. As a matter of fact, Frank Henley in 
London, and Professor Stauve Haddenstedt in Stockholm, were 
advocating isoperistaltic jejunal segments and Roux-en-Y recon- 
structions, in addition to vagotomy and gastric resection. as the 
primary surgical procedure for the complications of duodenal ul- 
cer in order to avoid this distressing long-range complication. 

I certginlv agree wih Dr. Drapanas that bile reflux is not in- 
frequent and it is by no means rare after gastric operations It 
is like the dumping syndrome. if we question our patients, we 
will detect it and I think we will find it to occur to some degree 
in from 5 to 35% of the cases. In the past we were simply over. 
looking this problem, and were labeling these patients variants 
» of the atf rent loop problem, or else « alling them nenrotics 

During the past 10 months we have operated upon II docu- 
mented cases of reflux gastritis, In the past few vears prior to 
that, we had 17 additional cases, but they were not completely 
documented. We ae treated these patients with either a Roux- 
en-Y reconstruction or a Henley loop. We have made the Henley 
loop a little longer than Dr. Drapanas, usually about 15-20 cm. 
However, Dr. Sawyers and TE. both prefer the Roux-en-Y recom- 
struction, as does Dr. Drapanas, because it is easier to carry out. 

The !] patients encountered with this entity during the past 
10 months experienced svmptoms which were really crippling. 
There were six males and five females in the group. 

(Slide) They had the same set of symptomatology as Dr 
Drapanas’ patients: epigastrie pain, nausea, and vomiting, and 
weight loss. Weight loss was appreciable in four patients, anemia 

fas a striking feature in several, and two patients had upper 
gastrointestinal bleeding. 

(Slide) This slide shows vou the 11 patients, and the type of 
procedure used. The Roux-en-Y reconstruction was carried out in 
all but one and in this case we used the Henley Joop. As von 
can see, the original operation was cither a Billroth E or Billroth H 
type reconstruction with vagotomy or else vagotomy and pyloro- 
plastv. In. patients undergoing pvloraplasty we have always re- 
moved the antrum in carrying out the Henley loop or Roux-en-Y 
reconstruction. Four of the patients who h: id the Roux-en-Y. re- 
construction alse had in addition a Hunt-Lawrence pouch con- 
structed below the gastric remnant because these four patients 
had lost considerable weight and were malnourished This latter 
problem is not unique. 

One of our TP patients had not undergone a previous gastric 
operation. On endoscopic study he had a wide. relaxed. patulous 
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pylorus with regurgiation of bile and duodenal contents and dif- 
fuse as with ulceration Neid the ne 


A edpbnds if ie Sa any PR 
s Tet alie nts sometimes get along for months or years 
rollaag the original gastric surgery before deve loping symp- 
toms of reflux gastritis, Also, would vou comment on the post- 
operative correlations comparing your subsequent gastroscopic 
examinations with the clinical appraisal of the patient's result. In 
other words, have all vour patients with excellent results had dis- 
appearance of the gastritis on endoscopic study, or have you 
seen. some degree of gastritis with bile reflux persisting but now 
vour patient is asymptomatic. From mv perusal of the litera- 
ture on this matter it is my impression that patients have been 
subjectively improved, but vet areas of gastrititis have persisted. 
Lastly, E would hke to exert a word of caution. The presence of 
hile reflux. after any definitive gastric operation is a common find- 
ing. We should not go overboard in di iagnosing this problem and 
should not subject patients to a remedial operation unless the 
svmptoms are severe and unresponsipe to conservative treatment. 


Dni. [on A, van Heerpen (Rochester, Minnesota): Our initial 
interest m Rochester, in reflux gastritis, was stimulated by Dr. Jim 
Priestley, who, T am sure, is well known to all members of this 
society. 

Our management of this problem (slide) has essentially been 
the same as that so adequately outlined by Dr. Drapanas. todav. 
Roux-en-Y, in our group, with vagectomy is still the most im- 
portant mode of therapy. Early in our experience with this syn- 
drome, a number of cases underwent either. jejunal interposition 
or conversion to a gastroduodenostomv. We feel that neither of 
these procedures. are indicated today in the management of re- 
flix gastritis, 

(Slide) Of the 3] patients, 
83% of the Roux-en-Y's; and in approximately 
sition Hie 

(Shde) Our surgical treatment has been essentially the same 
as une by Dr. Drapanas; Roux-en-Y being by far the most 
common, and certainly the easiest to perform. 

Certain facets of this svndrome, however, continue to fascinate 
and oe our US 

l. bd 


ings, I 


we achieved excellent. results in 
7257 of the interpo- 


2. The dele in sorting out functional symptoms from those 
that are truly organic. So many of these patients are labeled as 
erocks, Twenty-five per cent of the patients in our series had 
highly abnormal MMPT's— Minnesota Multiphasic Personality In- 
dexes, Yet this in no way correlated with good or bad postopera- 
tive results, Some of the p patients who had the worst MMPT's did 
the best. 

3. Whv is the pvlorus incompete nt in the primary case and 
in stress ulceration? Is this the primary defect, I think continued 
investigation of the role of the pylorus may well prove most re- 
warding, 


4 
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4. What is the role of reflux and atrophic gastritis in the 
etiology of gastric ulceration? As discussed this morning, should 
biliary diversion procedures be performed more often as the pri- 
mary treatment of gastric ulceration? One patient in our group 
presented with primary reflux gastritis, and was operated on by 
Dr. Bill ReMine. She is in excellent health six years later. 

Lastly, as Dr. Drapanas alluded to, it bears emphasis that the 
term "alkaline gastritis" is a misnomer. The hypo or achlorhydria 
is indeed an illusion, as is so aptly shown by Davenport and 
his associates. At this time the = term may be “reflux” or 
“regurgitant gastritis.” 

Dr. Morrison Bernea (Closing discussion): Dr. Herrington’s 
work confirms ours, and we certainly have benefited from his ex- 
perience. In answer to his question, why does it take so long for 
reflux gastritis to develop, I do not know. We have seen in pa- 
tients having Billroth I anastomoses a tendency to develop symp- 
toms of reflux earlier than those having Billroth II anastomoses. 
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Dr. Ritchie showed that chronic bile irritation of the stomach 
causes loss of normal pyloric glands. This mechanism may be 
responsible for the delay in onset of reflux gastritis following 
gastric surgery. In answer to your second question, we have not 
observed in our patients continued gastroscopic evidence of gas- 
tritis following relief of symptoms after revisional surgery. 

Dr. van Heerden, we too prefer bypass rather than resection 
of the anastomosis. I must apologize to you: We have not tested 
our patients with any of the Minnesota Multiphasic tests. 

Further caution must be instilled, lest the unwary surgeon be- 
gins to ascribe all symptoms of pain, vomiting, an weight loss after 
gastric operations to reflux gastritis. In our experience, the ma- 
jority of patients with such symptoms still have other causes re- 
sponsible for these symptoms, including afferent loop and mar- 

inal ulcer. For these reasons we feel strongly that a complete 
workup should be performed in all such patients, including roent- 
genologic examination, gastroscopy with biopsy, and gastric secre- 
tion studies. 


Surgical Management of Perforated Peptic Ulcer 


GEORGE L. JORDAN, JR., M.D., MICHAEL E. DeBAKEY, M.D., 


Eight-hundred-and-fifty-three patients treated surgically for 
acute perforations of duodenal, gastric and marginal ulcer 
and for gastric cancer were studied. During the 24.5 years 
of this study, the overall mortality rate has been 5.7%. The 
overall mortality rate has been only 2.2% among 535 pa- 
tients treated by gastrectomy alone or by hemigastrectomy 
and vagotomy. Followup data at this time indicate that the 
treatment of choice is resection with vagotomy when duo- 
denal ulcer is present. Simple closure is reserved for the 
group of patients who had no previous symptoms, who have 
serious associated diseases which increase the risk of opera- 
tion or who have developed generalized peritonitis or local- 
ized abscesses of the peritoneal cavity prior to the time that 
surgery is performed. 


ERFORATION continues to be a major complication 

of ulcerating lesions of the stomach and duodenum. 
Although emergency surgical treatment of ulcers with 
hemorrhage is associated with a higher mortality rate 
than surgical treatment of other complications of ulcer 
disease, the overall mortality rate associated with per- 
foration is higher than the mortality rate for hemorrhage, 
when all patients with the problem are considered. 
Hemorrhage is a more common complication than perfora- 
tion, but most patients do not bleed severely and do not 
require surgical therapy. Spontaneous cessation on medi- 
cal therapy is the rule and, thus, such patients do not 
have a life endangering problem. Perforation of an ulcer, 
however, almost invariably produces a catastrophic event. 
Our interest in this problem extends back many years 
and during this time our concepts and approach to man- 
agement have changed drastically. In 1940, one of us 
published a review of this problem. Gastrectomy was 
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being performed in some European countries, particu- 
larly the Soviet Union, and acceptable mortality rates 
were published but simple closure was the treatment of 
choice in the United States. Ten years later, it became 
apparent that more definitive management of perforated 
ulcer was possible because of better understanding of 
fluid and electrolyte management, better availability of 
blood transfusions and the use of antibiotics which 
changed significantly the ability to control the septic 
complication of this disease. Thus, a re-evaluation. of the 
treatment of acute gastroduodenal perforation in our in- 
stitution was justified. This report will document a 24% 
year experience with this problem. Sufficient experience 
has been accumulated at this time to allow relatively 
definitive recommendations for management of this 
complication of ulcer disease. 


Materials and Methods 


All patients undergoing surgical treatment for acute 
spontaneous perforation of lesions of the stomach and 
duodenum at the Veterans Administration Hospital for 
the years 1949-1964, at the Jefferson Davis Hospital from 
1949-May 1963, and the Ben Taub General! Hospital 
from May 1963-June 1973 were studied. A total of 853 
operations were performed. Seven-hundred-and-fifty- 
five patients were treated for perforated duodenal ulcers, 
84 patients were treated for perforated gastric ulcer, 
ten patients had perforation of marginal ulcers, and 
there were four perforations in patients with gastric 
cancer. All patients were treated by the administration 
of antibiotics, intravenous fluids, and blood transfusions 
when indicated. Patients, who for various reasons were 


628 


ray 


Vol. 179 - No. 5 


never treated surgically are not included in this study. 
Decisions concerning the type of treatment to be used 
were made on an individual basis at the time of opera- 
tion in all instances, but a general policy concerning 
choice of treatment has been in effect. 
It is possible to identify three major periods based 


‘upon the treatment employed (Table 1). Between Janu- 


ary 1949 and December of 1951, the treatment of choice 
was simple closure and the majority of patients were 
treated in this manner. Immediate gastrectomy was used 
on occasion when there were special circumstances such 
as associated massive hemorrhage or when the perfora- 
tion was so large that it seemed technically difficult to 
close. Only 15 patients were treated in this manner, 
however. In January of 1952, a study of immediate gas- 
trectomy was begun, and this procedure was used unless 
severe peritonitis or serious concurrent diseases existed 
as contraindications. Between January of 1952 and De- 
cember of 1959, 333 patients were treated and only 
21.3% of these patients were treated by simple closure. 
A standard subtotal gastrectomy was utilized with re- 
construction being accomplished by gastrojejunostomy 
or by gastroduodenostomy depending on the preference 
of the surgeon and the technical circumstances which 
existed. During this period, only one patient was treated 
by hemigastrectomy and vagotomy and one patient had 
only vagotomy and pyloroplasty. From January of 1960 
through June of 1973, there was again a change in ap- 
proach. It became apparent that the number of patients 
in whom there was no preexisting ulcer disease was so 
small that definitive conclusions concerning treatment of 


this group would be difficult. Publications suggesting 


that such patients had a good prognosis following simple 
closure led us to abandon the use of immediate definitive 
surgery in the absence of a history of previous ulcer dis- 
ease.5.16 Tn addition, the decision was made to utilize 
hemigastrectomy and vagotomy rather than subtotal 
gastrectomy for treatment of perforated duodenal ulcer. 
This procedure had been used for elective operations 
with good results, but there was some delay in utilizing 
it in patients with peritonitis because of the fear of de- 
velopment of mediastinitis following dissection of the 
periesophageal area. Early cases indicated that this haz- 
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ard was not great, however, and this technique was used 
with increasing frequency in the treatment of perforated 
duodenal ulcer, though subtotal gastrectomy alone re- 
mained the treatment in most patients with perforated 
gastric ulcer. Thus, in the last 13% years 57.9% of patients 
underwent gastrectomy and vagotomy, and the percent 
of patients treated by immediate gastrectomy decreased 
to 13.0%, while the percent of patients treated by sim- 
ple closure rose to 32.3%. Eleven patients had a variety 
of miscellaneous procedures performed under special 
circumstances. 

The records of these patients have all been reviewed 
and analyzed for immediate postoperative complications 
and to determine death rates. Late followup studies were 
conducted only on patients at the Veterans Administra- 
tion Hospital treated by simple closure and immediate 
gastrectomy because of difficulty in achieving adequate 
followup data on patients at the Jefferson Davis Hospital. 
As will be noted below, however, followup data on some 
patients from the Ben Taub General Hospital undergoing 
hemigastrectomy and vagotomy are included because of 
the limited number of patients treated in this manner at 
Veterans Administration Hospital prior to December of 
1964. 


Results 


Mortality 


The overall mortality rate for all patients with gastro- 
duodenal perforation has changed only slightly during 
the entire period of this study. The overall mortality rate 
for perforated ulcer was 7.3% 20 years ago and the total 
mortality rate for treatment since 1965 has been 7.4%. The 
surgical mortality rate was actually somewhat higher in 
the latter period due to the fact that all patients were 
treated surgically in the latter period, while in the earlier 
period there were some patients who, for various rea- 
sons, were treated non operatively. The changes in policy 
which have been advocated, therefore, have had little 
influence upon the total mortality rate. On the other 
hand, the mortality rate following use of different pro- 
cedures has changed significantly. Thus, in one of our 
early reports? the mortality rate for simple closure was 


Comparison of Surgical Procedures used in Three Periods 





Jan. 1949-Dec. 1951 





No. ` Per cent No. 

Simple Closure 106 87.6 71 

Immediate Gastrectomy 15 12.4 260 
Hemigastrectomy & 

Vagotomy 0 0.0 1 

Other E t 0.0 i 

Total 121 100.0 333 


Jan. 1952-Dec. 1959 


Jan. 1960-June 1973 Total 
Per cent No. Per cent No. Per cent 
21.3 129 32.3 306 35.9 
78.1 52 13.0 327 38.3 
.3 207 51.9 208 24.4 
3 11 2.8 12 1.4 
100.0 399 100.0 853 100.0 
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2.1%, while the mortality rate for resective therapy was 
13.3%. As experience with resective therapy increased, 
the mortality rate for resective therapy decreased. The 
mortality rate for treatment of perforation by simple 
closure increased concurrently due to the fact that this 
procedure was used most often in patients who were 
poor surgical risks, either because of associated serious 
systemic diseases or because perforation had been pres- 
ent for a long time prior to operation. Thus, in our report? 
published in 1955 the mortality rate for simple closure 
had risen to 22.7%, while that for immediate gastrectomy 
had decreased to 3.1%. Our total experience with im- 
mediate gastrectomy now totals 327 patients and the 
overall surgical mortality rate is 2.1%, including the origi- 
nal 15 patients. The overall surgical mortality rate for 208 
patients treated by hemigastrectomy and vagotomy has 
been 2.5% (Fig. 1). Perforation of gastric ulcer continues 
to be associated with a higher mortality rate than per- 
foration of duodenal ulcer (Fig. 2). These mortality rates 
included all deaths occurring within 30 days from the 
time of surgery, irrespective of the cause of death, as 
well as deaths occurring beyond the 30-day period if the 
patient was unable to leave the hospital because of 
complications of his disease or the surgical procedure. 
This point is emphasized because many patients died of 
problems associated with coexisting diseases, rather than 
complieations of the perforated ulcer as such. A typical 
example of such a problem was a 2% months old child 
being treated for a vascular malformation of the brain 
with bilateral subdural hematomas. While in a semi- 
comatose state the child had an acute perforation of a 
duodenal ulcer. Simple closure was performed in an at- 
tempt to save this child, but this patient's condition was 
critical during the entire time in the hospital and he died 
of vomiting and aspiration, which may have been as re- 
lated to his cerebral disease as to the disease of his gas- 
trointestinal tract. Except for this patient, there have 
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been only 3 individuals under age 50 who expired since 
1960. Two were treated by simple closure. The other 
was treated by resection. Since 1965 there have been 14 
deaths in our institution, irrespective of the form of treat- 
ment. Only 3 patients expired in whom perforation was. 
treated less than 12 hours after onset. A 56-year-old fe- 
male with hemorrhaging carcinoma of the cervix and 
multiple metastases sustained a perforated peptic ulcer 
while in the hospital and died exactly 31 days postop- 
eratively of septicemia. Another patient in this category 
was a 77-year-old man with advanced cardiac disease 
and chronic pulmonary disease, complicated by gastro- 
intestinal hemorrhage. Perforation occurred while he was 
in the hospital. He was treated by vagotomy and gastro- 
jejunostomy with plication of the ulcer and expired in 
the postoperative period. These patients typify the 
problems encountered. There has been only one death 
in a patient less than 50 years of age with no compli- 
cating diseases in the entire period since 1960. Thus, the 
mortality rate for treatment of healthy young adults with 
perforated ulcer in our experience is now less than 1%, 
regardless of the type of treatment employed, and re- 
gardless of all other factors which have been noted to 
be of importance in prognosis following treatment for 
this disease. 


C omplications 


The complication rate has been highest in patients 
treated by simple closure. This, as well as the mortality 
rate, reflects to some extent the fact that more patients 
who had had perforation for long periods before op- 
eration were treated in this manner. The complication 
rate following subtotal gastrectomy, however, is not sig- 
nificantly different from the complication rate following 
elective gastrectomy, and the same is true for the 
complications rate following hemigastrectomy and va- 
gotomy. In fact, one often receives the clinical impres- 
sion that the patients treated by subtotal gastrectomy for 
perforated ulcer had a more rapid recovery than did the 
average patient treated electively by gastrectomy for 
other complications of this disease. The slightly higher 
complication rate following hemigastrectomy and va- 
gotomy as compared to gastrectomy alone appears to 
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be related to a slightly higher incidence of atelectasis 
( Fig. 3). 


Late Results 


Followup data were limited primarily to studies con- 
cerning patients treated at the Veterans Administration 
Hospital. 

There were 88 surviving patients who were treated by 
simple closure. Three of these patients were subsequently 
operated upon within a month of the time of simple clos- 
ure without waiting to determine whether or not symp- 
toms would recur. This was in the early part of the 
study when delayed gastrectomy was performed, a pro- 
cedure soon abandoned because of the inordinately high 
complication rate following performance of two surgical 
procedures in such patients within such a short period 
of time. Thus, there were 85 patients available for long 
term followup. Satisfactory follow-up data was obtained 
in 63 patients (75%). The shortest period was 3 months 
in a patient who died of carcinoma of the lung, and the 
longest followup period was 22 years. The average fol- 
lowup period of the entire group including those who 
died from various causes within relative short periods 
after surgery was 6.7 years. Only 17 patients remained 
asymptomatic during the period of followup, 2 of whom 
died of cancer within a year after surgery. It was appar- 
ent that the longer the followup period, the higher the 
incidence of recurrent ulcer. One patient, for example, 
was asymptomatic with a followup period of 12 years, 
but required resection 14 years after simple closure be- 
cause recurrence of severe symptoms. Some patients, 
however, remain asymptomatic indefinitely as would be 
anticipated. One patient has remained totally asympto- 
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TABLE 2. Late Results Following Simple Closure in 03 Patienis 
Result No Per cent 
Asymptomatic 17 214) 
Symptomatic 46 73.0 
Hemorrhage 10 15.8 
Perforation 6 9.5 
Obstruction 3 4.8 
Resection 27 34.9 


matic for 19 years. Forty-six (73.02) of the patients had 
recurrent symptoms of ulcer disease and at the time the 
followup was completed, 22 (34.92) of all patients 
treated by simple closure had already required resec- 
tion. An additional number had had serious complica- 
tions, but for various reasons had not had a second opera- 
tion ( Table 2). 

One hundred-and-sixty-nine patients survived treat- 
ment by gastrectomy at the Veterans Administration Hos- 
pital. This included 166 having immediate gastrectomy 
at the time of perforation and 3 patients who had de- 
layed gastrectomy within one month after the simple 
closure. One hundred-and-forty-four patients (852) were 
followed for periods up to 17 years, with an average fol- 
lowup period of 5.2 years. Ten of these patients devel- 
oped marginal ulcers during the followup period giving 
an overall incidence of marginal ulcer of 6.9%. The inci- 
dence of marginal ulcer was higher in patients who were 
treated with the Billroth I gastrectomy than in those in 
wrom gastrointestinal continuity was reconstituted by 
gastrojejunostomy (Table 3). Nine of the recurrent ulcers 
occurred in patients originally treated for duodenal ulcer 
and the tenth occurred in a patient treated for marginal 
ulcer. No recurrence was observed in patients treated for 
gastric ulcer or for carcinoma. Thirty-eight of these pa- 
tients exhibited one of the postgastrectomy syndromes, 
the dumping syndrome being the most common. Based 
upon a consideration of all factor in the postoperative 
period, 86.8% of these patients were classed as good or 
excellent results. The poor results included all patients 
who developed proven marginal ulcer, those with symp- 
toms suggesting marginal ulcer even though the diag- 
nosis could not be proven, and those in whom postgas- 
trectomy sequelae were sufficiently severe to interfere 
with daily normal activities (Table 4). 





TABLE 3. Incidence of Recurrent Ulcer According to Procedure 
Recurrent Ulcer 
Procedure No. Patients No. Per cent 

Simple Closure 63 46 73.0 
Gastrectomy 144 10 6.9 

BI 23 4 16.0 

BH 119 ú 5.0 
Hemigastrectomy and 

Vagotomy 53 0 0.0 
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TanBLE 4. Late Results Following Gastrectomy 
Result No. T atients Per cent 
Exe ellent 92 63 9 
Good 43 22.9 
Poor 19 13.2 
Total 144 100.0 
Only 32 patients were treated by hemigastrectomy and 


vagotomy at the Veterans Administration Hospital prior 
to December 1964. Twenty-eight (88%) of these were 
followed. Because of the small number of cases, however, 
followup was attempted on 50 patients treated bv vagot- 
omy and hemigastrectomy at the Ben Taub General Hos- 
pital and was completed in 25 (50%) of these patients, 
giving a total of 53 patients treated bv hemigastrectomy 
and vagotomy who were followed for periods up to 8 
years with an average followup period of 42 years. 
No patient in this group had a proven marginal ulcer. 

One patient complained of some abdominal pain which 
could suggest this diagnosis, but there were no other 
symptoms and there was no objective evidence of ulcer. 
This patient, however, is classed as a poor result. Based 
upon a similar classification as used for patients with 
gastrectomy, 90.6% of those treated by hemigastrectomy 
and vagotomv had good or excellent results ( Table 5). 


Discussion 


This Z1-year experience which we have now recorded 
with resective therapy for treatment of perforated ulcers 
documents the safetv and desirabilitv of this form of 
therapy in any patient who has had chronic ulcer svmp- 
toms. We are not convinced that treatinent by this man- 
ner is not the best method even in patients who have 
not had previous ulcer symptoms, though our data can- 
not give a conclusive answer to this question. There 
have been no poor results, however, among the patients 
treated early in this series by immediate gastrectomy 
who had no ulcer symptoms prior to the time of their 
perforation; whereas, among patients treated by simple 
closure who had no symptoms prior to perforation 50€ 
have had recurrent symptoms. 

We were somewhat disappointed that sequential stud- 
ies of mortality rates did not show a steady decrease with 
the passage of time, but the overall surgical mortality 
rate for our entire experience is 5.7%. This is lower than 


TABLE 5. Late Results dion: Mem E ay and Vagotomy 
Result No. Patients p er ceml 
Escellent 42 79 l 
Good 6 11.5 
Poor 5 9.4 
Total 53 0 
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that in most reported series. Berne and Rosoff? have 
noted that the average mortality rate reported for treat- 
ment for perforated duodenal ulcer in this country is 
approximately 10%, noting that figures are usually higher 
from charity institutions and lower from private insti- 
tutions. It should be noted that our patients were treated 
in public hospitals, and a high percentage of the opera- 
tions were performed bv our surgical residents. 

There has been a slow acceptance of the use of defi- 
nitive surgical procedures for treatment of acute per- 
foration in the United States.*11-1? Several articles have 
been published of limited numbers of patients treated by 
various methods with very low mortality rates;7:°!4 how- 
ever, some of them are extremely selected patients and 
often the numbers of cases are small? In our own ex- 
perience, we at one time performed more than 100 con- 
secutive gastrectomies for perforated ulcer with no 
deaths and in the next 100 patients only one death oc- 
curred. There are no mortality rates in the literature 
with which we are familiar providing a lower mortality 
rate than could be reported from this experience just 
mentioned. 

At this time, therefore, we recommend hemigastrec- 
tomy and vagotomy as the treatment of choice for 
healthy young adults who have a previous history of ulcer 
disease. We choose simple closure for patients with no 
previous history of ulcer disease, for those with general- 
ized purulent peritonitis, those who have developed intra- 
abdominal abscesses, those who have developed shock 
prior to the time that surgery is undertaken, and those 
with serious concurrent diseases which would increase 
the surgical risk. In young patients with no serious as- 
sociated disease who are operated upon less than 12 
hours postperforation, the mortality rate is now less than 
l%, irrespective of the treatment modality utilized. Al- 
though in an occasional patient extenuating circum- 
stances will dictate the choice of some other procedure, 
we can find no evidence that routine utilization of other 
techniques improves either the mortality rate or the long 
term results obtained in the management of this compli- 
vation of ulcer disease. 
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Dr. Ricuanp J. Frevp, Jr. (Centreville. Mississippi): In 1960, 
Dr. Hardy and Dr. Conn presented before this Association a group 
of 206 cases from the University of Mississippi. There were only 
eight primary gastric resections in their group. Thanks to the in- 
fluence of Dr. Jordan, we last week, stimulated by his presenta- 
tion, today, reviewed 198 cases from the University of Mississippi 
and find that we have become more aggressive. Our primary 
gastric resection rate for perforated ulcer is very similar to his, 23%. 

I have this question for Dr. Jordan: Would he consider the mor- 
bidity of a pyloroplasty and vagotomy minimal enough, and 
knowing that we have had no problem with inflammation of the 
mediastinum from a vagotomy—would he consider going ahead 
with a vagotomy and pyloroplasty even in the older, and poorer 
risk cases, striving for a definitive procedure, primarily? 

Our studies in 198 cases since Dr. Hardy and Dr. Conn's re- 
port revealed that 32 of these people had to have more definitive 
surgery after a Graham closure. There were 162 Graham closures 
in this group. We're wondering—and are beginning to turn this 
way in our own thinking—should we go ahead with a vagotomy 
and pyloroplasty, and save these people another procedure. 
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PresiweNt Harpy: Dr. Jordan, in closing would you comment 
on the incidence of concurrent hemorrhage in these patients with 
perforated duodenal ulcer? We were surprised, some years ago, 
to find how many patients presented with both hemorrhage and 
perforation. We had usually taught that the posterior ulcers bled 
more often; and that the anterior ulcers perforated more often 
but did not bleed as often as the posterior ulcers. Do you have 
any data on that? 


Dn. Georce L. JorDAN, Jr. (Closing discussion): In answer to 
Dr. Field's question about vagotomy and pyloroplasty, the 12 
patients that we indicated who had other procedures did have 
vagotomy and pyloroplasty, or vagotomy and gastrojejunostomy— 
the operating surgeon thinking, perhaps, that this was a lesser 
procedure. If one compares mortality rates, however, you find 
that it is not. Therefore, I personally perform a simple closure, or 
I will do what I consider the best operation for the prevention of 
recurrent ulcer; namely, vagotomy and gastric resection. As you 
know, I have never been enthusiastic about vagotomy and pyloro- 
plasty, and my interest has waned as the years have gone by. 

In answer to Dr. Hardy's question about hemorrhage, we do 
have a number of patients who have had associated hemorrhage. 
It has been only a small per cent, however, and thus it has not 
accounted for a large number of patients. 


Ileostomy with Ileal Reservoir Rather than 
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An ileal reservoir (Kock pouch) was created in 20 patients 
with no surgical mortality. The pouch was later excised in 
only one patient; the condition of all other patients is as 
good as, or better than, that of patients with an ileostomy 
alone. Eight patients are continent and use no appliance; 
the others use an appliance all of the time or occasionally 
for leakage or overflow from the pouch or solely as a pre- 
cautionary measure. Creation of a nipple within the reser- 
voir by intussusception of the distal ileum back into the 
pouch is most promising in establishing continence. 


HEN PROCTOCOLECTOMY is necessary in cases of in- 
WW sammatory or neoplastic disease of the colon and 
rectum, ileostomy alone is a satisfactory substitute for 
bowel. evacuation.* Dysfunction of the ileostomy, es- 
3 pecially in the. immediate postoperative period, rarely 
contributes to morbidity if the ileostomy is constructed 
(matured) as recommended by Brooke.? Jacob and as- 
sociates? reported that revision of the stoma is necessary 
in 14% of patients during the first year and 50% within 
10 years; nevertheless, thev considered permanent ileos- 
tomy safe, compatible with good health, and, with few 
exceptions, consistent with normal activity. Roy and col- 
leagues? came to the same conclusion after studving 344 
patients with an ileal stoma who were followed for 5 
years or longer. However, the inconvenience of wearing 
an appliance constantly and, for about 255 of patients, 
the skin irritation, are primary problems. 
In 1969, Kock* reported preliminary observations on 
a procedure that resulted in fecal “continence” in five pa- 
tients, each of whom had an ileostomy in which an ileal 
reservoir had been fashioned immediately proximal to 
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the ileal stoma. Most recently he? reported his experi- 
ence with continent ileostomy in 90 patients. We re- 
ported our initial experience with seven cases in 1972;1 
we suggested, with cautious optimism, that use of this 
procedure be continued. We now report our experience 
of its use in 20 patients. 


Operative Technique 


The method of establishing the ileal reservoir has been 
similar to that recommended by Kock. The steps in the 


/ 


procedure are illustrated in Fig. 1. A loop of ileum 


(length, 30 cm) just proximal to the distal 10 cm is ap- 
proximated by sutures of running chromic catgut. After 
the loop has been opened, the distal end of the loop is 
folded over to be approximated to tlie proximal end; this 
establishes opposing peristaltic forces in the pouch and, 
theoretically, eliminates propulsive activity.? The distal 
ileum is then brought through the abdominal wall in 
order to create a stoma; this need not necessarily project 
much beyond the level of the skin edge. The pouch is 
attached to the peritoneum of the anterior abdominal 
wall and the defect in the right lateral gutter may or may 
not be closed. 

In all our patients except one, the pouch was con- 
structed in this manner; in the one patient the loop was 
roled together rather than being folded distal to the 
proximal end. 

In order to make the pouch continent, additional steps 
were taken in all cases. In five patients the isoperistaltic 
distal segment was brought obliquely through the rectus 
muscle, the idea being that the anterior-posterior pres- 
sure on contraction of the rectus muscle would create 
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Fic. 1. Construction of ileal pouch. a. 30 cm loop of ileum with 
distal 10 cm of ileum for stoma. b. Approximating loop. c. Loop 
opened. d. Reservoir established by folding distal part of loop to 
proximal end. e. Distal ileum brought through abdominal wall for 
stoma. f. Nipple created by intusscepting distal ileum into pouch. 
(Modified from Kock, N. G.: Continent Ileostomy. Proz. Surg., 
12:180, 1973.) 


voluntarv continence of pouch content. In 10 patients 
the distal segment was brought out through crossed fi- 
bers of rectus muscle, the idea being that contraction 
of the rectus muscle would form a "pinch valve" (one 
pouch removed) in this group. In the five remaining 
patients (including the last four in the series) a nipple 
was created in the pouch, as suggested and now done by 
Kock,’ by invaginating the distal segment of ileum back 
into the pouch for a distance of 2 to 4 cm. 


Clinical Material 


An ileal reservoir has been established in 20 patients; 
for 19 this was done at the time of proctocolectomv and 
for 1 patient the reservoir was established to replace 
a satisfactorily functioning ileostomy, the proctocolec- 
tomy having been done earlier for chronic ulcerative 
colitis. There were 10 men and 10 women: their ages 
ranged from 19 to 59 years (10 were 29 years of age or 
less and 18, 39 years or less). Of these 20 patients, 17 
had chronic ulcerative colitis of the diffuse mucosal 
type, 1 had Crohn’s disease or transmural granulomatous 
colitis, and 2 patients had familial multiple polvposis. 
The duration of the disease varied from 3 months to 13 
vears. 


Results 


There was no surgical mortality, and only one case 
with immediate significant morbidity. Intestinal obstruc- 
tion developed just proximal to the pouch in one patient 


ILEOSTOMY WITH ILEAL RESERVOIR 
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during the postoperative period; this necessitated re- 
exploration and removal of the pouch and establishment 
of the usual ileostomy. ( This was early in our experience; 
it is probable that had it occurred later in our experience 
the reservoir would not have been removed. ) 

During the followup period of 1 to 24 months, re-ex- 
ploration was necessary in 4 of the 20 patients. One of 
these was the patient in whom obstruction developed 
in the postoperative period. In one patient exploration 
revealed recurrent inflammatorv disease of the middle 
part of the ileum, which was suggestive of Crohn's dis- 
ease (the colonic disease was mucosal ulcerative colitis 
initially and on subsequent re-review ). In the two other 
patients cicatricial obstruction was present in the small 
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Fic. 2. Appearance of pouch at secondary abdominal exploration 
for adhesive band causing small bowel obstruction 6 months post- 
operatively. Capacity of pouch, approximately 500 ml. 
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Fic. 3. Ileal reservoir holding 400 ml of contrast media, 3 months 
alter operation. 
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Fic. 4. Patient intubating con- 
tinent ileostomy evacuating res- 
ervoir content. 





intestine and adhesive bands were lvsed. The pouch in 
the last three patients was in excellent condition; the 
capacity of two of the pouches was 500 ml and that of 
the other, almost 1,000 ml (Fig. 2). The tissues looked 
elastic and healthy. In none of the patients was there 
any dilation of the ileum proximal to the pouch. 

Although the capacity of the reservoir immediately 
after operation was 100 to 200 ml, the capacity had 
increased to 400 to 1,000 ml 3 months or later (Fig. 3). 
About one-half of the patients experienced some difficulty 
in inserting the catheter for evacuation. A tube was 
placed and left in the pouch for 3 to 4 days after the 
operation and then removed. Intubation with a catheter 
(28 or 30 French) was then started, being done 4 to 6 
times each dav. Subsequently, 18 patients evacuated the 
pouch 2-4 times daily; almost all the patients adjusted 
the frequency to their dietary and oral intake or sense 
of abdominal fullness or discomfort (Fig. 4). One pa- 
tient has preferred to not intubate the reservoir at all, 
but permit it to overflow into an appliance; her reason 
was that a regular schedule would have interfered with 
her work habits. 

Among the 14 patients in whom a nipple was not 
created, 9 most often wear an appliance either because 
of incontinence when the reservoir is full or solely as a 
precautionary measure. Spillage may amount to only 
10 to 50 ml. One-half of these patients are continent 
of gas while six are not. The other 5 of the 14 patients 
in this group are continent and rarely use an appliance; 
thev intubate the pouch three or four times a day. 

Of the five patients in whom a nipple was created 
for a valve, three are continent of both gas and fluid 
content and do not use an appliance; thev intubate the 
pouch three to four times a day and wear a small bandage 
over the stoma. One patient is not continent, probably 
because the intussusception reduced itself so that the 
nipple did not persist. With respect to the other patient 
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in this group of five, the function of the pouch cannot 
yet be evaluated. 

Servicing the pouch most often requires 5 to 10 min- 
utes. There have been no problems with the skin about 
the stoma; whether this is due to alteration in enzymatic 
or bacteriologic content of the intestinal discharge is 
uncertain. 


. Discussion 

None of the 19 patients who have had an ileal reser- 
voir for 1 to 24 months have been incapacitated to any 
greater degree than patients with a satisfactory function- 
ing ileostomy. In all patients a pouch capacity of 400 to 
1,000 ml has sufficed to hold the intestinal residue so 
_ that there is no or little overflow between intubations. 
* The primary problem for the majority of our patients 
remains continence of the pouch. However, the creation 
of a nipple by intussusception of the distal ileum back 
into the pouch probably will make the outlet of the pouch 
continent of both gas and feces. Kock found that all 37 
patients in whom a nipple was made were continent of 
feces; only 3 had an occasional leakage of gas and none 
used an ileostomy appliance. The results in three of our 
five patients have been similar. 

On the basis of Kock's** reports and on our limited 
experience, it seems reasonable to continue to offer pa- 
tients the potential benefit of this procedure in addition 
to ileostomy alone. The fact that a pouch can be created 
from a 30 cm loop of ileum to serve as a reservoir for 


Discussion 


Dr. Georce A. HALLENBECK (Birmingham): When Dr. Beahrs 
asked me to discuss this, he know that I had only done one of 
these operations. The postoperative course has been all teo event- 
ful. She had a stoma that had been made for ulcerative colitis 
after a protocolectomy, but all was problems with this stoma. You 
couldn't get the thing to stay out and it recessed from time to 
time. 

After several revisions I decided to do the Kock operation, 
and did the procedure with the nipple—that is, Kock's Type C op- 
eration. It went all right and one interesting feature was that 
this patient who had always put about 2500 ml of contents daily 
produced about 700 to 800 ml a day once the pouch was estab- 
lished. The feces thickened up considerably. 

There was no problem about continence. She was continent for 
both gas and liquid. The problem was, we often couldn't get a 
tube in. We solved this by trial and error two or three times, 
but finally things reached a point that we simply couldn't get the 
catheter into the pouch at all and this constituted a surgical 
emergency. 

With the abdomen open, and after getting things dissected 
out a bit, if one put his hand behind the pouch and lifted it for- 
ward, the tube went in very nicely. This seemed to eliminate 
stricture, or spasm, at that moment, at least, as the cause of the 
problem, and implicate angulation somehow; angulation that we 
were unable to see in a study with barium that had been done 
previously. | 

I would like to ask you, Dr. Beahrs, if you have any suggestions 


ILEOSTOMY WITH ILEAL RESERVOIR 


637 


about 500 ml of intestinal content is well established. 
The creation of a nipple into the pouch to serve as a 
valve for continence for both gas and feces promises to 
be effective. Except for one patient we have restricted 
the use of this operation to patients with mucosal ulcera- 
tive colitis. However, it may be used selectively in pa- 
tients with Crohn's disease of the colon or in patients 
with an already functioning ileostomy. We will continue 
to use this procedure with cautious optimism. 


Addendum 


A motion picture film “Teal Pouch with lleostomy in Total 
Proctocolectomy for Chronie Ulcerative Colitis" by Drs. Keith 
Kelly and Oliver Beahrs is available through the American College 
of Surgeons in Chicago, Illinois. 
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about this, and whether it's been an important problem in any of 
vour patients. We felt that perhaps we had left too long a neck 
on the pouch, and redid it, pulling the pouch more closely up 
against the parietal peritoneum. 

It's been very recently done, and I can't report as to whether 
it worked, or whether we'll still have prolems when I get back. 


Dr. AsuBEL C. WirriAMs (Jacksonville): In my training years 
| was much impressed with the gravity of ileostomy. I had the 
privilege of serving as a Fellow of the Lahey Clinic when Dr. Cat- 
tell was at his prime. I recall a chap in his twenties who had come 
out of the service because of ulcerative colitis and was recuperat- 
ing from an ileostomy. In some way we had obtained his service 
Colt revolver in the hospital and shot himself through the head. 
The ileostomy was progressing well but he was so depressed over 
the whole thing that he could see only one way out. 

In the early days the problem was mainly one of survival. After 
some of the fundamental hurdles were circumvented, the quality 
of survival became important. Brooke made a great contribution 
in his paper published in 1952 pointing out certain technical 
factors which greatly reduced the incidence of herniation of the 
ileostomy and made the after care much simpler. 

In more recent years, well-designed plastic appliances, refine- 
ment in skin cements, measures to reduce odor and new drugs to 
control excessive bowel activity have been a great help to the 
ileostomy patient. More recently has come the enterostomal thera- 
pist to serve the ostomy patient with skill and knowledge so often 
needed by these patients. There are five centers in the country now 
for the training of enterostomal therapists and it is estimated that 
there are about 199 such therapists in this country and a half 
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dozen in Europe at this time. They are a great addition to any com- 
munity and will be a source of comfort to you and your ostomy 
patients. 

It is estimated that there are about one million ostomies of 
one sort or another in this country, about one tenth of them be- 
ing ileostomies. lleostomies are being performed at the rate of 
about 7000 per year which gives you some of the dimensions 
of the problem. 

Dr. Beahrs referred to Dr. Kock's paper which, along with 
Dr. Beahrs' paper, I had the pleasure of reading beforehand. The 
evolution of the operation is very interesting, the first cases having 
been reported in 1969. Dr. Kock did not have a satisfactory de- 
gree of continence in his first cases. In his later cases Dr. Kock 
employed the "nipple" to guard the outlet of the pouch which 
made it possible to attain continence in the majority of the cases. 
Dr. Beahrs has had the same experience. In his last 37 cases in 
which the nipple innovation was employed, continence was en- 
joyed by all. In fact, the operation is now referred to as a nipple 
ileostomy. 

In Jacksonville, a community of about 600,000 people, 13 
ileostomies were performed in 1970, 19 in 1971 and 21 in 1972. 
These figures would probably be comparable in your community. 

Dr. Beahrs is to be greatly commended for this great addition 
to our offerings to the ileostomy patient. His experience points 
to the safety and effectiveness of the procedure. 


Dr. RicHarp T. SHACKELFORD (Baltimore): I was particularly 
interested, before I came here, to hear what Dr. Beahrs had to 
say about Kock's pouch. I do think it has potentialities, and I 
do think it has a real place, if it can be done satisfactorily. I 
must say that I suggest that anyone who is going to do it practice 
a bit on some animals, because in our first dogs we had consider- 
able difficulties. Later on we didn't. 


Dr. Ouver H. Beanrs (Closing discussion): We were very 
cautious in establishing the ileostomy following the establishment 
of the pouch in the first few cases that we did. It was thought 
that if the pouch were attached immediately beneath the abdomi- 
nal wall, the distal limb woüld be so short that if incontinence were 
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present, overflow from the pouch might make the problems more 
difficult for the patient in management of the stoma than with 
an ileostomy alone. Accordingly, a longer segment of ileum distal 
to the pouch, which possibly made intubation difficult in some 
cases, has been used. 

In the five cases with the nipple, and based on Kock's experi- 
ence with the nipple, we think that continence most likely will 
be present. For this reason the pouch has been attached immedi- 
ately beneath the abdominal wall at the site of the ileostomy. 
The length of the ileum beyond the pouch to the stoma is us- 
ually 2 or 3 cm or just the thickness of the abdominal wall. « 

In these patients there has been no or little difficulty in di- 
recting the catheter into the pouch, because it does go directly 
through the stoma into the pouch. There is difficulty sometimes 
in forcing it through the nipple if it is tight but there is no 
question regarding the position of the reservoir. In the other pa- 
tients the position is uncertain. Therefore it has been difficult to 
establish the exact direction in which the catheter should be in- 
serted. 

In general 50% of our patients have had difficulty inserting. 
the catheter, and in Kock's experience, one-third. With the nipple 
technique, and by placing the pouch immediately below the 
stoma, there should be less difficulty in intubating thé pouch to 
remove its contents. 

Even though the pouch is created and holds a satisfactory 
amount, if the patients do not intubate the pouch, it merely over- 
flows and functions as a regular ileostomy. 'This probably will not 
be the case if continence is, definitely established by using the 
nipple technique. In 18 of our 19 patients, they do intubate the 
ileostomies. One patient objects to intubating it and merely lets 
it overflow and, in fact, the pouch functions as a satisfactorily 
functioning Brooke-type. 

The content of the pouch is thicker than normal ileal discharge. 
The 24-hour volume on a two to four time intubation schedule 
varies from 500 to 1000 ml. 

A catheter is left in the pouch immediately postoperatively. 
This is removed in about four days and intubations are begun 
immediately. | 
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TABLE II 
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bacteriologic tests indicate appropriate susceptibility to the drug. 


Before prescribing MINOCIN, please refer to the prescribing information for full description 
of adverse effects and precautions, a copy of which is on the last page of this advertisement. 
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appear rapidly when the drug is discontinued. 


Usage in Pregnancy. (See above "Warnings" about 
use during tooth development.) 

Results of animet studies indicate that tetracy- 
clines cross the plazenta, are found in fetal tissues 
and can have toxic effects on the develop ng fetus 
(often related to retardation of skeletal develop- 
ment). Evidence of embryotoxicity has also been 
noted in animals treated early in pregnancy. 


Usage in newborns, infants, and children. (See 
ae RR about use during tooth develop- 
ment. 

All tetracyclines form a stable calcium complex in 
any bone forming tissue. A decrease in tha fibula 
growth rate has been observed in prematures given 
oral tetracycline in doses of 25 mg./kg. every 6 
hours. This reaction was shown to be reversible 
when the drug was discontinued. 

Tetracyclines are present in the milk of lactating 
women who are taking a drug in this class. 


PRECAUTIONS. As with other antibiotics prepara- 
tions, use of this drug may result in overgrowth of 
nonsusceptible organisms, including fungi. lfsuper- 
infection occurs. the antibiotic should be discon- 
tinued and appropriate therapy should beinstituted. 

In venereal diseases when coexistent syphilis is 
suspected, darkfield examination should be done 
before treatment is started and the blood serslogy 
repeated monthly for at least 4 months. 

Because tetracyclines have been shown to de- 
press plasma prothromoin activity, patients who are 
on anticoagulant therapy may require downward 
adjustment of their anticoagulant dosage. 

In long-term therapy. periodic laboratory evalua- 
tion of organ systems, including hematopoietic, 
renal and hepatic studies should be performec. 

All infections due tc Group A beta-hemolytic 
streptococci should be treated for at least 10 days. 

Since bacteriostatic drugs may interfere with the 
bactericidal action of penicillin, it is advisable to 
ae giving tetracycline in conjunction with peni- 
cillin. 


ADVERSE REACTIONS. Gastrointestinal: Ano- 
rexia, nausea, vomiting. diarrhea, glossitis, cys- 
phagia, enterocolitis. and inflammatory lesions 
(with monilial overgrowth) in the anogenital region. 

These reactions have been caused by both the 
oral and parenteral admiristration of tetracyclines. 
Skin: Maculopapular and erythematous rashes. 
Exfoliative dermatitis has been reported but is un- 
common. Photosensitivity is discussed above. (See 
“Warnings:’} Renal toxicity: Rise in BUN has been 
reported and is apparently dose related. (See 
"Warnings. ) Hypersensitivity reactions: Urticaria, 
angioneurotic edema, anéphylaxis, anaphylactoid 
purpura, pericarditis and exacerbation of systemic 
lupus erythematosus. Bulging fontanels have been 
reportedin young infants following full therapeutic 
dosage. This sign disappeared rapidly when the 
drug was discontinued. Blood: Hemolytic anemia. 
thrombocytopenia, neutropenia and eosinophilia 
have been reported. CNS: (See “Warnings. ) When 
given over prolonged periods. tetracyclines have 
been reportedto produce brown-black microscopic 
discoloration of thyroid glands. No abnormalities 
of thyroid function studies are known to occur. 


DOSAGE ANDADMINISTRATION: ORAL Therapy 
should be continued for at least 24-48 hours after 





symptoms and fever have subsided. 

Concomitant therapy: Antacids containing 
aluminum. calcium. or magnesium impair absorp- 
tion and should not be given to patients taking oral 
ietracycline. 

Studies todate haveindicated that the absorption 
of MINOCIN is not notably influenced by foods and 
dairy products. 

in patients with renal impairment: (See “Warn- 
ings. } Total dosage should be decreased by reduc- 
tion of recommended individual doses and/or by 
extending time intervals between doses. 

In the treatment of streptococcal infections. a 
therapeutic dose oi tetracycline should be adminis- 
tered for at least 10 days. 

ADULTS: The usual dosage of MINOCIN minocy- 
cline HCI is 200 mg. initially followed by 100 mg. 
every t2 hours. Alternatively. if more frequent doses 
are preferred. two or four 50 mg. capsules may be 
given initially followed by one 50 mg. capsule four 
times daily. 

CHILDREN: The usual dosage of MINOCIN mino- 
cycline HCl is 4 mg./Kg. initially followed by 2 mg./ 
Kg. every 12 hours. 

Fortreatmentofsyphilis.ttheusual dosage of 
MINOCIN should be administered over a period of 
10-15 days. Close followup, including laboratory 
tests. is recommended. 

Gonorrhea patients sensitive to penicillin may be 
treated with MINOCIN. administered as 200 mg. 
initially followed by 100 mg. every twelve hours for 
a minimum of 4 days. with post-therapy cultures 
within 2-3 days. 

In the treatment of meningococcal carrier state 
recommended dose is 100 mg. every 12 hours for 
five days. 


DOSAGE AND ADMINISTRATION: INTRAVE- 
NOUS. Note: Rapid administration isto be avoided. 
Parenteral therapy is indicated only when oral 
therapy is not adequate or tolerated. Oral therapy 
should be instituted as soon as possible. If intrave- 
nous therapy is given over prolonged periods of 
time, thrombophlebitis may result. 

ADULTS: Usual adult dose: 200 mg. followed by 
100 mg. every 12 hours and should not exceed 
400 mg. in 24 hours. The drug should be initially dis- 

solvedandthen further diluted to 500-1,000cc.with 

either Sodium Chloride Injection USP, Dextrose 
Injection USP, Dextrose and Sodium Chloride in- 
jection USP, Ringer's Injection USP, or Lactated 
Ringer's Injection USP but not in other solution 
containing calcium (a precipitate may form). 

The reconstituted solutions are stable at room 
temperature for 24 hours without significant loss of 
potency. Any unused portions must be discarded 
after that period. The final dilution for administration 
should be administered immediately. 

CHILDREN: Usual pediatric dose: 4 mg./kg. fol- 
lowed by 2 mg./kg. every 12 hours. 

In patients with renal impairment: (See "Warn- 
ingsi’) 

Total dosage should be decreased by reduction of 
recommended individual doses and/or by extend- 
ing time intervals between doses. 


HOW SUPPLIED. Capsules— Minocycline Hydro- 
chloride equivalent to 10G mg. Minocycline. Hard- 
shell purple and orange. Botties of 50 and 100; Unit 
Dose 10 x 10's. Product No. 5301. 

Minocycline Hydrochloride equivalent to 50 mg. 
Minocycline. Hardshell orange. Bottles of 100 and 
Unit Dose 10 x 105. Product No. 5300. 

Syrup— Minocycline Hydrochloride equivalent 
to 50 mg. Minocycline per teaspoonful (5 cc.}. Pre- 
served with propylparaben 0.10% and butylparaben 
0.06% with Alcohol USP 595 v/v. Custard-flavored in 
bottles of 2 fi. oz. Product No. 5313. 

intravenous —100 mg. vials of sterile cryodesic- 
cated powder. Product No. 5305. (Combined 5/73) 


MILITARY FSN 6505-149-0574 100 mg LV. 


MILITARY FSN 6505-003-5112 
VA FSN 6505-003-5112A | 100 m9 oe 


the low-back patient and his problems: 


DRIVER’S BACKACHE 


Neck and shoulders rigid and tense 
Upper back strained forward 

Lower spine slumped 

Soft seat can’t support vertebrae and low-back muscles 

Left leg “frozen” in cramped position 

Right leg stretched to reach gas and brake pedals x 
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Push front seat forward to reduce 
strain on back and shoulder muscles. 
Insert small cushion between small of 
back and rear of car seat. Back support 
can help relieve pain and fatigue. 
Always wear seat belt and shoulder 
harness. On long trips get out of car 
and stretch every couple of hours. 


the solution: 





® * 
Indications 

ais Based on a review of this drug by the 
National Academy of Sciences — National 


Research Council and/or other information, 


50 mg. le- FDA has classified the indicati follows: 
(methocarbamol) 59555555 | EOM teche Reid oi duconton 


associated with acute musculoskeletal 


© ci fi f the less-than-eff 
* 2 nal classification of the less-than-effective 
the Robaxin Regimen: tdicatioce roquires father Ree. 






Contraindications: 
Methocarbamol is contraindicated in patients 
hypersensitive to any of the ingredients. 


Warnings: 

Safe use of Robaxin has not been established with 
regard to possible adverse effect upon fetal 
development. Therefore, Robaxin should not be 
used in women who are or may become pregnant 
and particularly during early pregnancy unless in 
the judgment of the physician the potential benefits 
outweigh the possible hazards. 


Adverse Reactions: 

Light-headedness, dizziness, drowsiness, nausea, 
allergic manifestations such as urticaria, pruritus, 
rash, conjunctivitis with nasal congestion, blurred 
vision, headache, fever. 


Dosage and Administration: 

NOTE: Because of limited clinical experience in the 
younger age group, Robaxin is not recommend 

for use in patients under 12 years of age except 

in tetanus. 

Adults: 

Initial dosage, 2 tablets q.i.d. Maintenance dosage, 
1 tablet q. 4h. or 2 tablets t.i.d. 


Six grams a day are recommended for the first 

48 to 72 hours of treatment. (For severe conditions 
8 grams a day may be administered.) Thereafter, the 
dosage can usually be reduced to approximately 

4 grams a day. 


Also Available: 
ROBAXIN® (methocarbamol) 500 mg. 


See package insert for full prescribing information. 


Complete bed rest on a very firm mattress is 
usually indicated in the home treatment 
of acute low-back discomfort. Have 
patient insert section of plywood 
14-34" thick between mattress 

and box springs. The use of 

moist heat is often very 

beneficial. 


To relieve the discomforts 
associated with acute musculo- 
skeletal disorders, Robaxin®-750 
is often indicated.” It is a well 
tolerated agent which can provide 
significant relief, usually without 
serious adverse reactions. 





AH. Robins Company. 1407 Cummings Drive, Richmond, Va. 23220 
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On the surgical service.. 











including peritonitis, caused by susceptible strains 


Clinical confidence 
earned through 
experience 


Keflin I.V. 


sodium cephalothin 


2 Gm.* in 100-ml. ampoule 


bo 
JU 
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The confidence 


that comes with 10 years’ 
experience! 


Experience with Keflin has established a record of clinical 
effectiveness in serious skin and soft-tissue infections, 


of staphylococci (both penicillin-sensitive and penicillin- 
resistant), group A beta-hemolytic streptococci, 


Escherichia coli, Proteus mirabilis, and Klebsiella. 


*Equivalent to cephalothin. 
tKeflin became available for clinical investigation early in 1962 and to the profession in 1964. 


Brief Summary. Consult the package 
literature for prescribing information. 


Indications: Keflin® (sodium cephalothin, 
Lilly) is indicated for the treatment of 
serious infections caused by susceptible 
strains of the designated micro-organisms 
in the diseases listed below: 

Skin and soft-tissue infections, including 
peritonitis, caused by staphylococci 
(penicillinase and nonpenicillinase- 
producing), group A beta-hemolytic 
streptococci, Escherichia coli, 
Proteus mirabilis, and Klebsiella 


Contraindication: Previous hypersensi- 
tivity to cephalosporins. 


Warnings: BEFORE CEPHALOTHIN THERAPY 
IS INSTITUTED, CAREFUL INQUIRY SHOULD 
BE MADE CONCERNING PREVIOUS 
HYPERSENSITIVITY REACTIONS TO 
CEPHALOSPORINS AND PENICILLIN. 
CEPHALOSPORIN C DERIVATIVES SHOULD 
BE GIVEN CAUTIOUSLY IN PENICILLIN- 
SENSITIVE PATIENTS. 


SERIOUS ACUTE HYPERSENSITIVITY 
REACTIONS MAY REQUIRE EPINEPHRINE 
AND OTHER EMERGENCY MEASURES. 

There is some evidence of partial cross- 
allergenicity of the penicillins and the 
cephalosporins. Severe anaphylactoid 
reactions have been reported with both 
drugs. 


Patients with allergy and hypersensitivity 


should receive antibiotics cautiously and 
only when necessary. 


Usage in Pregnancy—Safety for use 


during pregnancy has not been established. 


Precautions: Patients should be followed 
carefully to detect any side-effects or drug 
idiosyncrasy. If an allergic reaction occurs, 
discontinue the drug and treat the patient 
with usual agents. 

Although alteration in kidney functión is 
rare, evaluation of renal status is recom- 
mended. Patients with impaired renal 
function should be placed on a reduced 
dosage schedule to prevent excessive 
serum concentrations. Consult prescribing 
information. 


If thrombophlebitis or superinfection 
occurs, take appropriate measures. A 
false-positive reaction for glucose in the 
urine has been observed with some tests 
but not with Tes-Tape® (urine sugar 
analysis paper, Lilly). 

Adverse Reactions: Maculopapular rash, 
urticaria, pain, induration, tenderness 


elevation of temperature, reacti 
bling serum sickness, anaphyl 
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eosinophilia, drug fever, neutropenia, 
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peritonitis.. 


* Infections like this 
demand a lot 


from an antibiotic... 


Kantrex 


(kanamycin sulfate) 
r [mfection LM./IM. 


„has proved equal to the challenge 
for over |5 years 





Treatment can be started before lab results are in... 
Her infection was due to Proteus vulgaris confirmed 
through blood culture. Most strains of Proteus and 
many other Gram-negative and mixed Gram-negative/ 
staphylococcal infections that occur post-operatively 
are susceptible to Kantrex. In postop wound infections, 
soft-tissue infections, bacteremia/septicemia, and 
endotoxic shock, susceptible organisms respond 
promptly to Kantrex. 

Concentrations attained in the blood remain above 
inhibitory concentrations for most susceptible 
pathogens for 6 or more hours after 0.5-Gm. dose. 


Dosage so simple, the first dose can be given Stat — 
regardless of renal function... 

Proven safety at recommended dosage: 7.5 mg./Kg., 
I.M., every 12 hours, when renal function is normal. In 
patients with reduced renal function, only the interval 
between doses changes. Simply apply the "creatinine 

x 9" formula* When used as directed, chances of 
ototoxicity and nephrotoxicity are minimal. Patients 
should be well hydrated and total therapy should not 
exceed 15 Gm. or 15 days. I.M. administration usually 
produces high serum and urine levels. 

The IV. route is recommended when I.M. administration 
is not possible, such as with patients in shock, with 
hematologic disorders, severe burns, or reduced 
muscle mass. The contents of a 0.5-Gm. vial are added 
to 200 ml. of sterile diluent such as normal saline or 5% 
dextrose in water and administered at the rate of 60 to 

. 80 drops per minute over a period of one hour. The 
daily dosage — not exceeding 15 mg./Kg. per day—may 
be divided into two or three equal doses. 


*For example: lf serum creatinine measurement is 2 mg./100 ml., 
multiply by 9; the interval between Kantrex doses is 18 hours. 


BRISTOL LABORATORIES | IT | 
Division of Bristol-Myers Company BRISTOL 


Svracuse. New York 13201 


2TA 


BRIEF SUMMARY OF PRESCRIBING INFORMATION 
(10; 6/8/73 
For complete information, consult Official Package Circular. 





Warning: irreversible deafness can occur. Tinnitus or vertigo may 
also occur and indicate vestibular damage and impending deafness. 
The risk is sharply increased with renal dysfunction. In such cases, 
decrease size and frequency of doses. Discontinue kanamycin and 
check hearing if azotemia increases. Watch carefully for ototoxicity 
in older patients and patients receiving more than 15 Gm. of 
kanamycin. To avoid neuromuscular paralysis with respiratory 
depression, postpone intraperitoneal instillation in post-operative 
patients until recovery from anesthesia and muscle relaxants is 
complete. Although there have been isolated reports of respiratory 
depression following intraperitoneal instillation of kanamycin, there 
is no conclusive proof that this side effect can be produced with 
recommended doses of the drug. Avoid concurrent use of other 
ototoxic drugs including ethacrynic acid, Safety in pregnancy is 

not established. 

















Indications: Serious infections due to susceptible strains of E. coli, Proteus 
sp., A. aerogenes, K, pneumoniae, Serratia marcescens and Mima-Herellea. 
Culture and sensitivity studies should be performed. 

Contraindications: A history of hypersensitivity to the drug. Prior auditory 
damage by kanamycin or other agents may be a contraindication if 
effective, alternative therapy is available. 

Precautions: Obtain audiograms before and during therapy in patients with 
renal dysfunction when treatment lasts more than 5 days. Stop Kantrex 
(kanamycin sulfate) if tinnitus or hearing loss occurs. Hydrate patients to 
prevent chemical irritation of the renal tubules. Assess renal function 
periodically, both before and during therapy. H signs of renal irritation 
occur (casts, cells, proteinuria), increase hydration and reduce the dosage 
or the frequency of dosage if necessary. In azotemic patients, the frequency 
(in hours) of doses may be obtained by multiplying the serum creatinine 

by 9. If azotemia or oliguria occur, discontinue therapy. Mycotic or 
bacterial superinfection may occur. 

Adverse Reactions: Irritation or pain at the injection site, skin rash, drug 
lever, headache and paresthesias. 

Dosage and Administration: The usual dose is 7.5 mg./Kg./12 hours I.M. 

or I. V. The average adult dose is 1 Gm. daily. The maximum aduit total 
daily dose should not exceed 1.5 Gm, by all routes of administration and 
the total amount administered should not exceed 15 Gm. 

The intravenous route is used only if intramuscular administration is not 
feasible. The 0.5 Gm. dose is added to 200 ml. of sterile diluent and 
administered 60-80 drops/minute. 

When used as intraperitoneal instillation, the above dose is diluted in 
20 ml. of sterile diluent. If possible, instillation should be postponed until 
after patient is fully recovered from effects of anesthesia and muscle- 
relaxing drugs. 

As aerosol treatment, 250 mg. of Kantrex (kanamycin sulfate) is diluted 
with 3 ml. of physiological saline and nebulize. 

Kantrex Injection in concentrations of 0.25 percent (2.5 mg./ml.) has 
been used satisfactorily as an irrigating solution in abscess cavities, 
pleural spaces, peritoneal and ventricular cavities. 

Supplied: Rubber capped vials as a ready-to-use sterile aqueous solution 
in two concentrations: 0.5 Gm. in 2 mh, 1.0 Gm. in 3 ml.; Pediatric Injection 
75 ma. in 2 mt. A HEQ fatanan: 2:19 200 
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GYNECOLOGY, ENT, PROCTOLOGY DERMATOL@GY. 


Kry-med gives the general surgeon everything that’s needed to perform 
Cryosurgery in the office, clinic or operating room. 

It's a portable system. Simply connect the probe to CO» or N»O and the unit is 
ready for immediate use. 

The lightweight, hand-engineered probe is available either with fixed-tip or 
interchangeable tips, dependant upon the particular application. Kry-med offers 
a broad range of probes specifically designed for Gynecology, ENT, 
Proctology and Dermatology applications. 

The entire Kry-med system is non-electric. 

And, most important, the Kry-med system offers the definite advantage 
of economy. 

As a leader in the design and manufacture of Cryosurgical instruments, we y 
welcome — indeed we invite — your inquiries and requests for product 
literature and medical reprints. 

We look forward to serving you and your patients. 


CRYOmedics Inc. 
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Surgical Judgment in the Management of 
Penetrating Wounds of the Abdomen: 


Experience with 2212 Patients 


FRANCIS C. NANCE, M.D., MARTIN H. WENNAR, M.D., LESTER W. 


JOHNSON, M.D., JAMES C. INGRAM, JR, M.D., 


The records of 2212 patients with penetrating wounds. of 
the abdomen treated at three Charity Hospitals have been 
reviewed. À policy of selective observation for 393 stab 
wounds has: (a) reduced the percentage of negative ex- 
plorations from 5396 to 1196 (b) reduced overall compli- 
cation rate from 14%. to.8% (c) reduced avérage hospital 
stay from 7.8 days to 5.5 days (d) reduced the percentáge 
of patients subjected to exploration from 95% to 4596; Only 
10 patients who were initially observed required subse- 
quent delayed exploration. A mortality rate of 1.4% was 
recorded in stabbed patients since 1964. None of. the patients 
who died had any delay of appropriate surgical intervention. 
The policy of selective observation has been safely and ef- 
fectively applied . to the management of stab wounds by a 
diverse group of surgical house officers. Among 1032 pa- 
tients with gunshot wounds, 842 patients had one or rüore 
injured organs. Mortality rate was 12.5%. Analysis of records 
showed that 97% of injured patients could have been identi- 
fied as such at the time of admission. Abdominal signs were 
the most common indicator, but the presence of shock was 
the most accurate and ominous sign of intra-abdominal in- 
jury. Of 138 patients who had negative laparotomy, 97 could 
have been identified preoperatively by a protocol allowing 
a period of observation. No complication occurred in 52 
patients with gunshot’: wounds who were managed by ob- 
servation. Negative exploration doubles hospitalization time 
and has a 10% complication rate in patients with gunshot 
wounds. Careful exercise of surgical judgment and selective 
observation should be considered in the management of 


_ penetrating wounds of the abdomen. 


+ 


N 1969 xr was REPORTED from our Department that 
I adoption of a policy of selective observation in the 
management of patients with abdominal stab wounds 
reduced the incidence of negative laparotomy from 53% 


Presented at the Annual Meeting of the Southern Surgical Asso- 
ciation, December 3-5, 1973, Hot Springs, Virginia. 
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to 10% and ada overall morbidity from 27% to 12%." 
The policy of selective observation replaced one of man- 
datory exploration for all stab wounds of the abdomen 
which allowed no exercise of surgical judgment. In 
the previous study, all patients were seen by a member 
of the staff (FCN) under a strict prospective protocol. 
Since 1969 all patients with stab wounds admitted to 
the L.S.U. Service have been managed under a policy 
of selective observation by the house staff. 

This paper will document the results of selective ob- 
servation in the management of patients with abdominal 
stab wounds. In addition, we have reviewed the manage- 
ment of gunshot wounds of the abdomen with a view 
to establishing the feasibility of extending selective ob- 
servation to the management of all penetrating wounds 
of the abdomen. 

The records of 2212 patients with penetrating wounds 
of the abdomen were reviewed for this report (Table 1). 
There were 1180 patients with stab wounds. Manage- 
ment during three eras was analyzed. Four hundred- 
thirty-two patients with stab wounds were managed at 
Charity Hospital in New Orlearis from January 1, 1964 
to February 28, 1967 under the old policy of mandatory 
exploration. One hundred-twenty-six patients were 
treated on the L.S.U. Service at Charity Hospital in New 
Orleans from March 1, 1967 to February 28, 1969 under 
a strict prospective protocol of selective observation. 
Since the completion of the prospective study, 266 pa- 
tients have been treated by the L.S.U. Service at three 
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Penetrating Wounds of the Abdomen 
2212 Cases Reviewed 


TABLE 1. 


Stab Wounds (1180 Patients) 


1 i jon: '64 to 28 Feb. '67 All stab wounds, CHNO 
(432 cases) 

1 Mar. '67 to 28 Feb. '69 
(126 cases) 

1 Mar. '69 to 30 June '73 
(266 cases) 


All stab wounds, LSU Service, 
» CHNO | 
All stab wounds, .LSU Service, 
3 Charity Hospitals 
Gunshot Wounds (1032 Patients) . 
1 an '66 to 30 June '73 . All gunshot wounds, CHNO and 
2 other Charity Hospitals 


Loüisiana Charity Hospitals (Earl K. Long Hospital, 
Baton Rouge, Lafayette Charity Hospital, Lafavette and 
Charity Hospital, New Orleans) from March 1, 1969 
to June 30, 1973.* These patients are included in the 
third group to be analyzed. This last group of patients 
was managed by the house staff under a general policy 
of selective observation ( Table 2). The results of manage- 
ment in the three eras have been compared. 

From January 1, 1966 to June 30, 1973, 1032 patients 
with gunshot wounds of the abdomen were treated -at 
Charity Hospital in New Orleans and at the two hos- 
pitals in Baton Rouge and Lafayette. The data from these 
patients have been analyzed to assess the feasibility of 
extending the policy of selective observation to patients 
with gunshot wounds. 

Sex, race and age statistics from the two groups of 
patients are summarized in Figs. 1 and 2. Ages ranged 
from 2 mos. to 77 years. Most of the injuries occurred 
*jü young patients between the ages of 18 and 30. Most 
patients were black and most were male. There was 
essentially no difference between the stab wound and 
gunshot wound populations with respect to age, sex 
and race. 


| Stab Wounds 
In our previous communication, the case of B.T. 
was cited as an example of the inadvisability of rigid 


TABLE 2. Penetrating Wounds of the Abdomen: Indications for 
Surgery 


Signs of Peritoneal Injury 
Unexplained Shock 
Loss of Bowel Sounds 
Evisceration of Viscus 
Positive Diagnostic Study: 
1. Blood in stomach, bladder or rectum 
2. Needle paracentesis or peritoneallavage . 
3. IVP, cystogram, cystoscopy 
4. Plain x-ray (air, displacement, etc.) 
5. Arteriogram 


Observe All Others 24-48 Hrs. 


* 356 stab wounds managed by Tulane Service CHNO since 
March, 1967 were reviewed put are not included in the statistical 
analysis. 
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Fic. 1. Age distribution of 2212 penetrating wounds of the 
abdomen. 


adherence to a mandatory policy of exploration for stab 
wounds of the abdomen. The patient had undergone six 
negative explorations for self-inflicted stab wounds. This 
patient has managed to have himself explored 3 addi- 
tional times despite our new policy (Table 3). On two 
recent occasions the house staff explored the patient 
without indications because of the fear that intra- 
abdominal adhesions had made injury more likely. This 
patient’s resourceful persistence has provided us with 1% 
of our total experience with stab wounds! 

The management of patients in the three eras is sum- 
marized in Table 4. A marked reduction in the number 
of negative explorations (“No Injury”) resulted from the 
institution of selective observation in 1967. The low in- 
cidence of negative laparotomy. has continued as control 
of the protocol shifted to the house staff in 1969-73. 
During the latter era, the percentage of negative laparo- . 
tomies has varied from a high of 18.2% in 1972 to a low 
of 5.62 in 1973. Despite the fact that these patients have 
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 TaBLE 3. The Saga of BT TABLE 5. Stab Wounds: Deaths 
(1964-73) 
Indication 
Date Weapon for Surgery Injury Major Cause of Death No. of Patients 
12 June 66 Ice pick None None Shock, hemorrhage 12 
23 June 66 Ice pick None None Sepsis 4 
31 July 66 Ice pick None None Negative laparotomy (sepsis) 1 
29 Sept. 66 Coat hanger None None Mortality Rate: 17/1180 1.4% 
5 Oct. 66 Tooth brush None Small bowel* MESSUNG ee ee 
21 Dec. 66 Ball point pen None Small bowel* No patient had delayed laparotomy. All had symptoms or signs 
3 Feb. 67 Coat hanger None Not explored mandating early exploration. 
10 Oct. 67 Wire None Not explored 
30 Oct. 71 Wire None Small bowel* i 
17 Dec. 71 Coat hanger None None patients whose operation was delayed by a period of 
6 June 73 Coat hanger Nonet Small bowel 


* Iatrogenic injury. 
1 No signs or symptoms of injury. Explored because weapon 
appeared to be penetrating bowel on x-ray. 


' been managed by a changing group of young surgeons 
in training, the incidence of negative laparotomy has 
remained satisfactorily low. Less than half of all patients 
with stab wounds have required an operation. The con- 
tinued success of the policy of selective observation in 
the hands of young and inexperienced surgeons has been 
reassuring. 

Mortality for the entire series of 1180 patients was 
1.4%. Only 17 patients died, three-fourths from hemor- 
rhage and shock. Most of the deaths occurred shortly 
after admission. All deaths occurred in patients whose 
signs and symptoms mandated early laparotomy. None 
of the patients had their surgical exploration delayed 
as the result of our protocol (Table 5). 

The policy of selective observation has not delayed 
the exploration of those patients who have intraperi- 
, toneal injuries. Patients with injuries required 4.9 hrs. 
to get to the operating room in 1964-67 and 4.5 hrs. in 
1969-73. Evidence of an effective triage system is shown 
by the progressively decreasing time required by in- 
jured patients to get to the operating room ( Table 6). 

None of the patients managed by a period of observa- 
tion suffered serious complications. Since 1967 only 10 
patients initially observed have required subsequent ex- 
ploration for injuries (there have been 4 negative ex- 
plorations in initially observed patients). None of the 


TABLE 4. Stab Wounds: Management of Patients 


initial observation suffered any serious sequelae although 
one patient with a jejunal laceration delayed for 12 hours 
had a wound infection. There has been a significant 
reduction in overall morbidity from 13.9% in 1964-67 to 
8.3% in 1969-73 (Table 7). 

Total hospitalization for all patients has also been 
substantially reduced by an average. of two days 
(Table 8). The reduction in hospitalization has been 
most striking among the patients who had no intra- 
peritoneal injury. Average hospitalization for this group 
of patients has been halved from 5.95 days to 2.97 days. 

A change in the pattern of organ injury has been ob- 
served since the institution of the policy of selective 
observation (Table 9). In the earlier era, the liver was 
the most commonly injured organ. Since institutjon of 
selective observation liver injuries have dropped in fre- 
quency and small bowel laceration is now the most 
commonly encountered injury. This probably means that 
patients with trivial liver injuries are not being explored. 
In previous years, in our own institution, non-bleeding 
liver lacerations for which no treatment was required 
were very frequently encountered. These liver lesions 
produce few symptoms or signs and are undoubtedly 
being observed under our new protocol. 

The institution of selective observation has allowed 
a far more flexible approach to the management of stab 
wounds. The protocol requires exercise of surgical judg- 
ment in each case (Table 2). Close observation of pa- 
tients not operated upon immediately is mandatory. 
Despite faithful adherence to the protocol a small num- 
ber of negative explorations continue to occur (10-12%). 
These may be the minimum consistent with safe prac- 
tice. The major indications for surgery among injured 
patients have continued to be signs and symptoms of 
intraperitoneal injury (Table 10). In general, we have 


1964-67 1967-69 1969-73 found that the differentiation of patients with injury 
(432 Pts.) (126 Pts.) (266 Pts.) 
, No. No. No. 
di Disposition Group Pts. % Pts. % Pts. % TABLE 6. Stab Wounds: Preoperative Delay (Hours) 
' No exploration 21 4.9 74 58.3 136 51.1 

No injury 229 53.0 13 10.2 3i 11.6 Group 1964-67 1967—69 1969-73 

Injury, no repair 42 9.7 4 3:2 14 523 No injury 6.0 4.6 6.1 

Injury, repair required 140 32.4 35 27.6 85 32.0 Injury, no repair 5.1 4.3 5.6 
Injury, repair required 4.9 5.1 4.5 


% Operated 95.1 
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TABLE 7. Stub Wounds: Morbidity with Major. Complications TABLE 9. Stab Wounds: Organs Injured 
BE No. Be OH TSENG: Patients Organ (1964- -67 ) (1967- -69) (1969-73) 
"A mi PE M Liver 16 6 13 
1964-¢ 1967-69 1969- s E 
eet ae ON RUN MONEO NC LOT) i as 9) (1969-73 —. sm. bowel 25 14 25 
None 0/ 21 0/74 0/136 Colon 36 6 16 
No injury 25/229 1/13 3/ 31 Stomach 27 4 16 
Injury, no repair 6/ 42 i/ 4 0/ 14 Diaphragm 21 3 12 
Injury, repair required 239 /140 6/35 19/ 85 Spleen 11 2 14 
Totals 60/432 8/126 22/266 Maj. vessel 9 0 6 
% Morbidity an Pts. 13.9 6.3 8.3 Duodenum 4 3 3 
rra ann Memanas ean vaa aen aaen aan aA Aa e em aenn ee a emaema e Eem enet emee a raene ame aA Ran inie in aena ea aa e aeaa marana eee Pan creas 3 0 3 
Gallbladder | 1 2 
. l m kidney 5 0 2 
from those who have no intraperitoneal injury has been — Ureter 0 0 0 
possible at the time of their first evaluation in the Acci- Other 14 5 13 


dent Room. Only ten patients who were initially observed 
required subsequent exploration for injury. A most grati- 
fying change since 1967 has been the marked reduction 
of explorations in patients who had no indication for 
surgery. 

It is to be emphasized that no deaths have occurred 
among the 210 patients who have been observed since 


1967. 


Gunshot Wounds 


Since 1966, 1032 patients with abdominal gunshot 
wounds have been treated at the three Charity Hospitals. 
The disposition and mortality rate of ese patients is 
listed m Table 11. Six groups of patients have been de- 
fined: 1) patients with no piora on 2) patients who 
had no injury (negative laparotomy); 3) patients with 
intra-abdominal injuries which did a require repair; 
4) patients with one or two organs requiring repair; 5) 
patients with three or four organs requiring repair; and 
6) patients with five or more organs requiring repair. 

In general, the patients were managed under a pro- 
tocol of mandatory exploration although a tendency to 
observe asymptomatic patients with gunshot wounds de- 
veloped after institution of selective obser ation for stab 
wounds. Ninety-five per cent of all patients were ex- 
plored. The incidence of abdominal injury is strikinglv 
higher among gunshot wounds (81.62) than among stab 
wounds where only one-third of patients sustain an in- 
jury. 23 Nevertheless, there were 138 patients (13.4%) 
upon whom negative explorations were performed. 

The mortality rate among gunshot wound patients 
was 12.5%. There were no deaths among the patients who 





TABLE 8. Stab Wounds: Average Hospitalization Time (Days) 
Gian | 1964- -67 1967-69 1969-7 
No exploration 2 2.2 2 0 
No injury 6.2 7.9 7.2 
Injury, no repair 8.9 P3 & 4 
Inj ury, repair required 10.9 9.6 Hi. 7 

Avg. all Patients 7.82 4.97 6.02 

Ave. Among Patients 

with No Injury 5.95 3.08 2.97 
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were not explored or who underwent negative lapa- 
rotomy. Mortality rate showed a good correlation with 
the number of or gans injured. Among the patients with 
five or more structures injured, 41.7% died. All but one 
of the patients who died had unequivocal evidence of 
intraperitoneal injury at the time they were first evalu- 
ated. Half of the patients died within the first 24 hrs of 
admission in the accident room, operating room or re- 
covery room (Table 12). The major cause of death was 
hemorrhage or shock. Two-thirds of the patients died 
of the consequences of hemorrhage, shock or renal failure. 
Sepsis in the form of pneumonia or peritonitis accounted 
for one quarter of the deaths. 

Triage of patients with gunshot wounds was highly 
effective. Most patients were operated upon with a min- 
imum of delay. Patients with lethal injuries or with 5 
or more organs injured got to the operating room in the 
least time (Jess than 2 hours). Patients who had negative 
explorations took the longest to get to the operating room 
(Table 13). 

Indications for exploration were evident in the vast 
majority of patients with injuries at the time of first evalu- 
ation in the accident room (Table 14). All of the pa- 
tients with lethal injuries could have been identified by 


TABLE 10. Stab Wounds: Major Indication for Surgery 
Injury Found 

Indication (1964-67) | (1967-69) (1969-73) 
Shock 21 5 6 
Abdominal signs 29 7 64 
Absent bowel sounds 12 8 5 
Evisceration 29 6 9 
Diagnostic study 14 6 0 
None 77 6 12 

No Injury Found 

Shock 3 i 0 
Abdominal signs 9 4 9 
Absent bowel sounds 5 Q 3 
Evisceration 8 3 0 
Diagnostic study | 2 0 
None 197 3 15 
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TABLE 11. Gunshot Wounds: Method of Management and Mortality 


(Jan. 1, 1966—June 30, 1973) 








No.of % of No. % of 
X. Disposition Group Patients Total Dead Group 
No exploration 52 5.0 — — 
No injury 138 13.4 — — 
Injury, no repair 34 9.9 — — 
Injury, repair required (1-2)* 499 48.4 48 9.6 
Injury, repair required (3-4)* 249 24.1 56 22.5 
Injury, *repair required (5-+-)* 60 5.8 25 41.7 
Total 1032 129 12.5% 


Per cent Explored: 95% 


* Indicates number of organs injured 


signs, symptoms or diagnostic tests. Only 3% of patients 
. with intraperitoneal injury would have been subjected 
to any period of observation had the protocol of se- 
lective observation been in effect for gunshot wounds. 

By contrast, among 138 patients who had a negative 
laparotomy, more than two-thirds had no signs or symp- 
toms of intraperitoneal injury and probably could have 
been identified as patients without intraperitoneal injury 
had a protocol of selective observation been in effect. 
Thus, although their percentage of the total population 
of patients with gunshot wounds is small, it would appear 
that 90 or more patients without intraperitoneal injury 
might have been spared an unnecessary laparotomy. It 
should be noted that this ratio of identifiable patients 
with no injuries is the same as that observed among 
stabbed patients who had negative explorations during 
the era 1964-67. 

Gunshot wounds inflict considerably greater morbidity 
than stab wounds. Average hospital time rises progres- 
sively with the seriousness of the injury as might be ex- 
pected (Table 15). An overall major complication rate 
of 35.7% was noted in this series. This also rose pro- 
gressively with the seriousness of the injury. Five-sixths 
of patients with five or more organs injured suffered a 


major complication. It is important to note that among 


the 190 patients with No Injury, negative laparotomy 
doubled hospitalization time and inflicted a 10% compli- 
cation rate (Table 16). 

The organs injured among 1032 patients with gunshot 


TABLE 12. “Gunshot Wounds: Major Cause of Death 


Cause of Death No. of Patients 





Hemorrhage, shock 70. 
Peritonitis, sepsis 25 
Renal failure 8 
Pneumonia 6 
Respiratory failure 4 
Other 16- 
129 


66 patients died in Accident Room, Operating Room or Recovery 


Room. 
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TABLE 13. Gunshot Wounds: Preoperative Delay 


Group Average Hours to OR 
No injury 3.4 
Injury, no repair 3.4 
Injury, repair required (1—2)* 2.4 
Injury, repair required (3-4)* 2.1 
Injury, repair required (5-1-)* 1.9 
Deaths 1.5 


* Indicates number of organs injured 


wounds are listed in Table 17. Hollow viscus injuries 
comprise more than half the total. This fact is reflected 
in the incidence of deaths due to peritonitis and sepsis. 
It is important to note, however, that isolated hollow 
viscus injuries were seldom a cause of death. 


Discussion 


The substantial difference between the nature of 
civilian and military penetrating abdominal trauma was 
not really appreciated until Shaftan’s!® classic paper in 
1960. Shaftan demonstrated that patients with intra- 
peritoneal injury could be identified with a high degree 
of accuracy and that the remainder of the patients could 
be managed safely by close observation. The adoption 
of his policy at our institution in 1967 produced a 
marked reduction in the morbidity, hospitalization time, 
and incidence of unnecessary operations, without alter- 
ing mortality and without a serious complication in the 
10 patients whose exploration was delayed by an initial 
period of observation. Since 1969 when the formal pros- 
pective protocol ended, all patients have been managed - 
by the surgical house staff. The same low morbidity rate 
and low frequency of negative explorations has been 
maintained by this varied group of surgeons in training. 
This reassuring fact makes us feel confident that a policy 
of selective observation can be safely adopted by any 
competent surgeon adhering to the principles outlined 
in Table 2. Our residents were able to make the decision 
about exploration early in the patient's hospital course 


TABLE 14. Gunshot Wounds: Indications for Exploration 


Injury Found 
No. of Organs Injured 


Major Indication 1-2 3-4 5+ Deaths 
Shock 74 74 36 88 
Abdominal signs 322 130 16 21 
Diagnostic study 33 23 5 9 
None 90 12 0 0 

No Injury Found | 
Major Indication No Exploration Negative Laparotomy 
Shock 1 6 
Abdominal signs 2 24 
Diagnostic study 0 0 
None 49 97 
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TABLE 15. Gunshot Wounds: Hospital Stay 
Group Hospitalization Time (Days) 
None 3.8 
No injury 


Injury, no repair 

Injury, repair required(1—2) 
Injury, repair required (3-4) 1 
Injury, repair required (5+) 27. 


because the vast majority of patients with intraperitoneal 
injury had indications mandating exploration at the time 
of admission. The large number of recent reports confirm- 
ing satisfaction with the selective approach to manage- 
ment of penetrating wounds of the abdomen attests to 
its wide applicability.$5:9-162023 Jt is significant that 
there have been no institutions which have reported 
abandoning the selective approach once it had been 
adopted. By contrast, although a number of authors con- 
tinue to express reluctance to adopt selective observa- 
tion-?7? ‘many institutions have abandoned mandatory 
exploration. 

Several institutions?!? have reported enthusiasm with 
the technique of radiologic demonstration of peritoneal 
penetration, first devised by Cornell et al? This technique 
can identify effectively peritoneal penetration with a high 
degree.of accuracy. The technique was not used ex- 
tensively in our series of patients since identification of 
patients with significant injuries has been relatively 
easy using conventional diagnostic methods. Moreover, 
_ the technique results in an excessive number of negative 
explorations since half of patients with peritoneal pene- 
tration have no injury to a viscus. Once the dye is in- 
jected into the wound tract, physical signs lose their 
validity and observation becomes more difficult 7:19 

Although Shaftan?" and others!??? have applied the 
principles of selective observation to gunshot wounds, 
we have, in the past, limited our use of this approach to 
stab wounds. An aggressive operative approach to the 
management of gunshot wounds has been a long hon- 
ored practice at our institution?:539/11?! and we have been 


TABLE 16. Gunshot Wounds: Morbidity 


No. of No. with Major VA 
Group Patients Complications Complications 

No exploration 52 0 0 
No injury 138 14 10.1 
Injury, no repair 34 6 17.6 
Injury, repair required 

(1-2) 499 >- 173 34.7 
Injury, repair required 

(3-4) 249 125 50.2 
Injury, repair required 

(5+) 60 50 83.3 

Totals 1032 368 35.4 
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TABLE 17. Gunshot Wounds: Organs Injured 


Organ No. of Patients with Injury 
Small bowel 348 
Colon 296 
Liver 296 
Stomach 184 
Kidney 123 
Spleen 107 
Pancreas 82 , 
Great vessels 74 
Duodenum 60 
Gallbladder 32 
Bladder 33 
Other major vessels 99 
Other organs (diaphragm, ureter, 

omentum, mesentery, etc.) 230 


reluctant to change without adequate evidence that surgi- 
cal judgment and observation could safely replace rou- 
tine exploratory laparotomy. The need for reducing the 
high incidence of negative explorations and the rela- 
tively low incidence of intraperitoneal injury (40%) in 
stab wounds made this an ideal group of patients for 
evaluation. Our experience with this method of manage- 
ment in patients with stab wounds has convinced us 
that the principle of selective observation may be safely 
and effectively applied to gunshot wounds as well. The 
fact that the policy has been effective for stabbed patients 
even in the hands of inexperienced surgical house officers 
has been reassuring. 

The most common indications for surgery in both stab 
wounds and gunshot wounds have been the signs of 
intraperitoneal injury familiar to all surgeons. These will 
identify the majority of patients. A change in bowel 
sounds has been particularly helpful as an indicator of 
intraperitoneal injury. Unexplained shock is highly ac- 
curate as an indicator of intra-abdominal injury. The 
presence of shock should be a mandatory indication for 
early exploration. Forty per cent of gunshot wound pa- 
tients who were in shock at the time of admission died 
of their wounds. When diagnostic studies (Table 2) 
have been positive, they have proved highly accurate. 
When any of the diagnostic tests is clearly positive, 
early surgery is mandatory. Occasionally x-ray studies 
have proved misleading, such as in one of our patients 
with negative abdominal signs who underwent negative 
laparotomy because of a bullet in the midabdomen. 
(He had swallowed it!) 

Analysis of the records of patients with intraperitoneal 
injury following gunshot wounds has indicated that only 
2-3% of patients would have been subjected to observa- 
tion. Similarly careful evaluation of the records of the 138 
patients with no injury who were explored indicated that 
two-thirds could have been identified by a policy of se- 
lective observation. These conclusions, and the absence 
of complications in the 58 patients who were not operated 
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upon lead us to suggest that selective observation can be 
. applied effectively and safely to the management of gun- 
y shot wounds of the abdomen. The percentage of patients 
> who will be spared laparotomy will be smaller for gun- 
shots than for stabs (60% vs 18%). Nevertheless, two- 
thirds of the 138 patients in this series who had a nega- 
tive exploration would have been spared an unnecessary 
laparotomy had a policy of selective observation been 
in effect. 


References 


jen 


Bull, J. C., Jr. and Mathewson, C., fr.: Exploratory Laparot- 
omy in Patients with Penetrating Wounds of the Abdomen. 
Am. f. Surg., 116:223, 1968. 

. Carter, J. W. and Sawyers, J. L.: Pitfalls in Diagnosis of Ab- 
dominal Stab Wounds by Contrast Media Injection. Am. 
Surg., 35:107, 1969. 

3. Cornell, W. P., Ebert, P. A., Greenfield, L. J. and Zuidema, 

G. D.: A New Nonoperative Technique for the Diagnosis 
of Penetrating Injuries to the Abdomen. J. Trauma, 7:307, 
1967. 

4. Haddad, C. H., Pizzi, W. F., Fleischmann, E. P. and Moyna- 

han, J. M.: Abdominal Signs and Sinograms As Depend- 

able Criteria for the Selective Management of Stab Wounds 

of the Abdomen. Ann. Surg., 172:61, 1970. 


5. Kazarian, M. K., DiSpaltro, F. L., McKinnon, W. M. P. and 
Mersheimer, W. L.: Stab Wounds of the Abdomen. An 
Analysis of 500 Patients. Arch. Surg., 102:465, 1971. 

6. Loria, F. L.: Historical Aspects of Penetrating Wounds of the 

Abdomen. Int. Abstr. Surg. 87:521, 1948. 
. Mason, J. H.: The Expectant Management of Abdominal Stab 
Wounds. J. Trauma, 4:210, 1964. 

8. Matas, R. and Loria, F. L.: Gunshot Wounds of the Abdomen. 
A Statistical Study of Experience of the Charity Hospital of 
New Orleans for 1925 and for 1926 (cited by Loria). 

9. Mathewson, C., Jr.: Routine Exploration of Stab Wounds of 

the Abdomen. J. Trauma, 9:1028, 1969. 
. Miles, A. B.: Report of a Case of Gunshot Wound of the 


to 


~~ 





Discussion 


Dr. GreRALD W. SnarraN (Brooklyn): My former Chief, Dr. 
Clarence Dennis has long insisted that operation was but a part 
of surgery; that the surgeon was a well-trained physician who also 
knew how to operate. It is not too chauvinistic, therefore, to sug- 
gest that the general, pediatric, cardiovascular, and thoracic sur- 
geons each know at least as much about the disease processes they 
see as their internist colleagues. I feel it is reasonable, therefore, 
to make a plea for not treating civilian penetrating type injuries 
of the abdomen, even gunshot injuries, by dogma or dictum, as 
if we were mere surgical technicians. 

The better shield, however, is hard facts. We agree entirely with 
Dr. Nance, and with other authors, that gunshot wounds are com- 
. paratively easy to evaluate clinically, and that the decision to 
operate can be made rapidly and accurately on these grounds alone. 

In this earlier study we only operated upon two thirds of the 
patients with gunshot wounds. Our current reappraisal is not dis- 
similar in age and ethnic background from the author's series, and 
gunshot wounds have become a prominent part of our local battle 
casualties. 
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I read in The New York Times on Sunday that our outgoing 
Mayor has complained that the "Saturday night special" factories 
in Florida, Georgia, South Carolina and Virginia have put a 
least a quarter of a million illegal handguns into service in New 
York City; so that, while in 1960 out of 390 total homicides only 
19% were due to bullet wounds, in 1972 handguns accounted for 
49% of 1691 homicides. 

Our injury rate follows suit. In 1960, one in twelve penetrating 
type wounds was gunshot. In 1973, five out of nine were due to 
bullets. Despite this increase, on average we are operating on a 
smaller percentage than in our previous series, and we still have 
no morbidity or mortality in those treated without operation. 

The operated percentage varies, of course, from year to year, 
but on the whole New Yorkers, obviously, are just poor shots. 
Perhaps, however, our local gun club is getting better, because 
so far this year we have operated on 92% of the gunshot injuries 
that we have seen. 

The point that Dr. Nance has modestly suggested, and which 
I exhort, is to examine each patient and think. I do not suggest 
that each of you jump into it with both feet, but that the first 
time that vou find your clinical judgment correct, you will be 
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hooked. You will no loiiger operate just because there is a pene- 


trating-type wound, You will operate because as a well-trained 
clinician you know that the patient requires your surgical skills. 


Da. Francis C, Nance (Closing discussion): I have one slide 
to show of our experience since June in a series of patients with 
gunshot wounds who have been observed. (Slide) These are the 
eight pre since June who have been observed with gunshot 
wounds on a prospective basis. None of them .hás suffered a 
serious complication, although one patient did have a fever as- 
sociated with a right pleural effusion. 

I'd also like to bring you up to date on a patient that we have 
been following now for the last eight years. This is a patient who 
was residing in parish prison in New Orleans, and discovered 
that if he stabbed himself, he would be explored at Charity Hospital 
and have five or six days of comfort in a Charity Hospital bed. 
And as you can see, on the 12th of June, 1966, he stabbed him- 
self with an ice pick and was explored, with no indications; two 
weeks later, again an ice pick, and again explored, no indications; 


NANCE AND OTHERS 


Ann. Surg. * May 1974 


a month later, again no indications. And six times within six months 
he stabbed himself, got six explorations. At no time was there an 
indication for surgery. The last two times the small bowel was 
injured by the surgeon taking down the adhesions from the pre- 
vious operations. ET 

We then initiated our protocol, and managed to shortstop him 
in the accident room twice. We pulled a weapon fashioned from 
a coat hanger out twice. But since then he has appeared three 
times in our accident room and has persuaded the house staff 
that he needed an exploration. Again he got his small bowel in- 
jured getting adhesions taken out. — | ` 

On his last admission he appeared at our Charity Hospital in 
Baton Rouge and caught the boys unaware with a coat hanger 
sticking all the way through his abdomen. They explored him, 
and did find that he had finally penetrated a piece of small bowel 
with the coat hanger. | 

This fellow has provided us with 1% of our total experience with 
stab wounds. 


Surgical Management of Toxic Dilatation 
of the Colon in Ulcerative Colitis 
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Seventeen patients with ulcerative colitis and toxic dilatation 
of the colon have been treated in the last decade. After pre- 
liminary medical therapy, ileostomy with single or two stage 
proctocolectomy was done in 16 patients with a single fa- 
tality. Turnbull's operation was used in another patient with 
survival. Followup results from 1 to 10 years are excellent. 
As a result of this retrospective review of an experience with 
patients with toxic dilatation of the colon in ulcerative colitis 
it is believed that the following conclusions are justified: 1) 
it is imperative that cliniciaris recognize the syndrome early 
in its development and' be aware of its grave significance. 2) 
resuscitative treatment should be given on a life-threatening 
emergency basis and should include: parenteral fluids, elec- 
trolytes, blood, broad spectrum antibiotics, vitamins, ster- 
oids, and nasogastric suction. 3) operation should be carried 
out urgently after 12-24 hours of ‘resuscitative treatment. 
The choice of operation lies between ileostomy with ( procto ) 
~ colectomy and Turnbull’s procedure. 


T^HE acute, fulminating, deeply penetrating, ulcera- 
Tue changes in the colonic wall which. produce so- 
called toxic megacolon in patients with inflammatory 
bowel disease can result in severe hemorrhage, perfora- 
tions, peritonitis, sepsis and death. When these changes 
occur in the course of ulcerative colitis, the patient us- 
ually presents with acutely rising fever, tachycardia, ab- 
dominal pain and distention, bloody diarrhea and the 
general manifestations of severe toxicity. Roentgenograms 
of the abdomen show gaseous dilatation of the colon. 

Marshak and his associates? recognized this cata- 
strophic syndrome in 1950 and named it "toxic mega- 
colon." Adams and. otber. authors? 10,13 suggested that 
“toxic dilatation” of the colon is a more accurately de- 
scriptive term and separates the syndrome from the 
chronic forms of congenital and acquired megacolon. 


Presented at the Annual Meeting of the Southern Surgical Asso- 
ciation, December 3-5, 1973, Hot Springs, Virginia. 
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The etiology and pathogenesis of toxic dilatation of the 
colon are obscure and optimal management remains con- 
troversial. In addition to antibiotics and vigorous sup- 
portive measures, most physicians initiate treatment with 
high doses of steroids, while in recent years most sur- 
geons have advocated emergency resection of the colon 
with ileostomy. Turnbull and his associates, concerned 
with the high mortality rate of colectomy in toxic mega- 
colon, have recently recommended initial surgical treat- 
ment by emergency loop ileostomy and so-called “blow- 
hole” transverse and/or sigmoid colostomy. The present 
report records the experience we have had in the last 
decade in the management of this lethal syndrome i in pa- 
tients with ulcerative colitis. 


Clinical Study 


Incidence 


During the last 10 years, 17 critically ill patients with 
mucosal ulcerative colitis and toxic dilatation of the 
colon have been treated at Vanderbilt University Medi- 
cal Center. Fifteen patients were treated in the 500 bed 
Vanderbilt Univer sity Hospital, one in the affiliated 500 
bed Nashville Veterans Administration Hospital and one 
in the affiliated 250 bed N ashville Metr ropolitan General 
Hospital. 

. During this 10-year period Hire were 177,314 dis- 
charges from the Vanderbilt University Hospital, 78,679 
discharges from the Nashville Veterans Administration 
popu and 72 OLI Mami m from Nashville Metropoli- 
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TABLE 1. Summary of Clinical Data in 17 Patients with Toxic Dilatation of Colon 




















Duration Duration Colonic 
acute episode preoperative perforation 
Patient Age Duration before entry; medica! Rx found at Operative Early Late Present 
(yr.) Sex Ule. colitis Steroid Rx in our hosp. operation Procedure* Complications Complications Status 
1. FO, 28F 3 yr. 6 wk. 8 days none I & STC abd. abscess chronic peri- — Excellent 
steroids steroids AP resection neal sinus 10 yr. p.o. 
2. JKO, 20F 1 yr. 3 wk. 10 days none I & PC transitory pero- none Excellent 
steroids stero:ds neal palsy 9 yr. p.o. 
3. JBW, 50M 2 mo. 2 mo. 19 days multiple I & PC renal failure oo Dead, 
steroids steronls perforations abd. abscesses 
Pseudomonas 
sepsis (died p.o.) 
4. ATH, 38F 3 yr. 2 mo. 30 days single I & PC wound abscess none Excellent 
steroids steroids perforation 6 yr. p.o. 
5. JKC, 35F 1 yr. 3 wk. 21 days — none I & PC Pseudomonas none Excellent 
steroids sterotds perineal and 5 yr. p.o. 
urinary in- 
fections 
6. JH, 46M 3 yr. | mo. 6 days none I & PC none none Excellent 
steroids sterols 5 yt. p.o, 
7. J[BWm, 65M 3 yr. 6 wk. 6 days none I & PC none none Excellent 
(ACTH day 5 yr. p.o. 
of op.) 
8. HR, 33M 3 yr. 6 wk. I day single [ & PC thrombophlebitis none Excellent 
steroids sterogls perforation pelvic abscess 4 yr. p.o. 
9. CMK, 63M 2 yr. 1 mo. 12 hrs. none I & PC none none Excellent 
steroids steroids 3 yr. pe 
10. JW, 33M 6 vr. 6 wk. 36 hrs. single I & STC abd. abscess none Excellent 
steroids steroids perforation AP resection massive rectal 3 yr. p.o. 
bleeding 
ileal fistula 
11. AGN, 58F 9 yr. 3 wk. 1 wk. none I & PC urinary stenosis of Excellent 
infection ileostomy; 3 yr. p.o. 
x revision 
2 yrs. p.o, 
12. KLP, 43F 13 vr. 6 wk. 12 hrs. multiple I & TC stress ulcer AP resection Excellent 
steroids steroids perforations Suture wound de- (3 mo. later) À yr. po. 
dehiscence — hiscence chronic perineal 
= sinus, p.o. 
13. PED, 18M 2 mo. | mo. 5 days none I & colos- none none Good 
steroids tomy colitis mild 
(Turnbull) 2 yr. po. 
14. AB, 60F 5 wk. 5 wk. 4 days single | & PC none none Excellent 
perforation 13 yr. p.o. 
15. LN, 52F 1 mo. | mo. 48 hrs. none I & TC coma multiple ^ none Excellent 
steroids steroiés I & Dab- abscesses bladder | yr. p.o. 
scesses dysfunction 
AP resection 
16. RW, 52M 17 yr 3 wk. 24 hrs. none I & PC wound infection none Excellent 
steroids steroies partial de- I yr. p.o. 
hiscence 
17. RS, 23F 3 yr | mo. 2 wk. multiple delivery coma massive — Recent dis- 
(pregnancy steroids perforations stillborn rectal bleeding charge; 
5 mo.) fetus recovery 
steroids I & TC satisfactory 
AP resection 
: eA N TAE Neer est roe TERIS A tee a ee A eI ee ee ee ele cea 


tan General Hospital. Among the total of 328,004 patients 
discharged from the three hospitals during this decade, 
the diagnosis of ulcerative colitis was made in 247 indi- 


I & STC: ileostomy and subtotal colectomy 
I & TC: ileostomy and total colectomy 
I 


& PC: ileostomy and proctocolectomy 
AP resection: abdominoperineal resection of rectum ( 


viduals. 


Each of the 17 patients with toxic dilatation of the 


à second stage operation) 


colon had the diagnosis of ulcerative colitis confirmed by 
clinical, radiologic and pathologic criteria. The syndrome 
was not observed during this decade in any patient with 
granulomatous colitis or other expressions of Crohn's dis- 
ease. 
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Onset of Manifestations of Toxic Dilatation of Colon 


There were eight men and nine women in the group 
with toxic dilatation. Ages ranged from 18 to 65 vears 
and averaged 41 vears. Twelve of the patients were 30- 
60 vears old at the onset of the toxic syndrome. 

Manifestations of ulcerative colitis had been present 
in nine patients for one to six vears prior to the onset 
of toxic dilatation. Four patients had had disease from 
6 to 17 vears. In four others the initial attack of colitis 
was of the fulminating variety which culminated in the 
toxic syndrome within one to two months. 

In the patients with the longer courses of ulcerative 
colitis before the development of toxic dilatation, the 
disease was of the relapsing, remitting type in five and 
the chronic, continuously active form in eight. 

Table 1 summarizes the pertinent clinical data related 
to the 17 patients in this study. An acute flareup of the 
manifestations of ulcerative colitis which lasted 3-8 
weeks preceded admission to our hospitals in each in- 
stance. These acute episodes were characterized by the 
development of cramping abdominal pain, anorexia, oc- 
casionally nausea and vomiting, and exacerbation or on- 
set of bloody diarrhea of increasing severity. Fever, 
chills, weakness, malaise and prostration were commonly 
associated. 

Initial evaluation of these acute episodes include 
fluoroscopic examination of the colon by barium enema 
in five instances within 12 davs to 6 weeks of the sub- 
sequent clinical and radiologic evidence of toxic dilata- 
tion. 

Initial treatment of these acute attacks by the patient's 
phvsician uniformly included antibiotics and antidiar- 
rheal medication which consisted of opiates and/or anti- 
cholingergic drugs. In addition, 13 of the 17 patients were 
treated with oral steroids, most commonly prednisone. 
Four also received ACTH infusions and two were given 
cortisone anemas. The majority of patients were also 
initially hospitalized in community hospitals where fur- 
ther supportive therapy included intravenous fluids and 
blood transfusions. Persistence of the acute, severe symp- 
toms and failure of response to treatment prompted re- 
ferral. 


Treatment Used 


At the time of admission to our hospitals, increasing 
severity of abdominal pain with rising fever, tachycardia, 
increasing bloody diarrhea and abdominal distention 
were prominent features in most cases. With few excep- 
tions the patients appeared to be critically ill, anemic, 
dehydrated and showed evidence of recent weight loss. 
Examination of the abdomen showed abdominal disten- 
tion of slight to severe degree accompanied bv varying 
degrees of tenderness on palpation in fourteen patients. 
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Fic. 1. Roentgenograms of the abdomen on admission in two pa- 
tients with fulminant ulcerative colitis and toxic dilatation of colon, 
Patients J. B. W. (left) and P. E. D. ( right). 


Two patients were comatose and appeared moribund. 
One patient (KLP) showed exquisite, diffuse abdominal 
tenderness with distention and resistance which indicated 
colonic perforation at the time of admission. Sigmoido- 
scopic examination showed ulcerative proctitis of vary- 
ing severity compatible with ulcerative colitis in each pa- 
tient. 

On the day of admission roentgenograms of the abdo- 
men were made in all but one patient ( RS) who was five 
months pregnant. X-ray evidence of toxic dilatgtion of 
the colon was present in 15 of the 17 patients (Fig. 1). 
The clinical diagnosis of perforation of the colon was con- 
firmed by x-ray examination of patient KLP ( Fig. 2 A 


Emergent Resuscitation and Emergent Operation ia 


After emergent resuscitative treatment with intrave- 
nous fluids, electrolytes, blood, broad spectrum anti- 
biotics and steroids, patient KLP was taken to the operat- 
ing room twelve hours after admission and submitted 
to ileostomy and total colectomy. Multiple perforations 
of the thin walled dilated colon had occurred. 





Fic. 2. Roentgenogram of the abdomen (plain, left, and upright, 
right) on admission in patient (K. L. P.) showing dilated colon 
and free air beneath diaphragm. 
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As indicated in Table 1, six of the patients, including 
patient KLP, were managed by similar emergent resusi- 
tative measures and operation within 12-48 hours after 
admission to our hospitals with toxic dilatation of the 
colon. Each of these patients was critically ill and two 
were considered moribund. Massive rectal bleeding ac- 
companied toxic dilatation in two of this group. Another 
patient had severe diabetes mellitus. Each of these pa- 
tients had been treated with steroids prior to admission 
and received steroids in preparation for operation. 

Three of these patients, including patient KLP, were 
found to have colonic perforations at operation. At opera- 
tion ileostomy with single stage proctocolectomy was 
done in three patients and ileostomy with abdominal 
colectomy (total or subtotal) in the others. 


Prolonged Medical Therapy Followed by Operation 


In the 11 other patients existence of toxic dilatation 
was established by clinical and radiologic examination 
at the time of admission to our hospitals in nine and was 
not apparent or had not developed in two patients, in- 
cluding the patient RS who was five months pregnant. 

In the nine patients with clinical evidence of the toxic 
syndrome and radiologic confirmation of colonic dilata- 
tion, intensive medical therapy was used for periods of 





Fic. 3. Roentgenogram of the abdomen in patient A. J. H. dur- 
ing fourth hospital week. Toxic dilatation developed while on 
continuous intensive medical therapy including steroids and ACTH 
infusions. 
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4-21 days. This consisted of rehvdration, correction of 
electrolyte deficits, replacement of blood losses, broad 
spectrum antibiotics, tranquilizers, nutritional supports, 
and antidiarrheal medications. Seven of the patients re- 
ceived steroids in full dosage and ACTH infusions. An- 
other patient was treated for one week bv parenteral 
hyperalimentation. 

Failure of satisfactorv clinical response to these meas- 
ures accompanied by increasing size of the gas *filled, 
distended colon prompted surgical intervention in each 
instance. 

At operation, 4-21 days after entry, colonic perforations 
were found to have occurred in two of these nine pa- 
tients. In one of these (JBW) massive fecal contamina- 
tion of peritoneal surfaces occurred from multiple sealed 
off perforations during the colectomy. Ileostomy and 
protocolectomy was carried out in seven patients, ileo- 
tomy and subtotal colectomy in another individual, and 
Turnbull's operation of loop ileostomy and transverse 
colostomy was done in one patient. 

In patient RS and AJH toxic dilatation of the colon 
was apparently not present on admission to the hospital. 
Radiologic examination of the abdomen was omitted on 
admission in patient RS who was five months pregnant 
and gaseous distention of the colon was not present on 
admission in patient AJH. 

Patient RS, who was critically ill on admission, re- 
ceived intensive medical therapy including steroids for 
fourteen days. She developed abdominal pain and dis- 
tention on the thirteenth day of treatment with sudden 
severe exacerbation of pain accompanied by shock and 
diffuse abdominal tenderness on the fourteenth day. 
She had felt no fetal movements for three days prior to 
this catastrophic episode. Diagnoses of toxic megacolon 
with perforation and fetal death were made. After re- 
suscitation of her shock, labor was induced, a stillborn 
fetus was delivered and emergent ileostomy and total 
colectomy was carried out. At operation there were mul- 
tiple colonic perforations and massive fecal contamina- 
tion. 

Patient ATH had had ulcerative colitis for three years. 
In the last two years treatment had included oral steroids 
and cortisone enemas. An acute exacerbation of bloody 
diarrhea occurred two months before admission and was 
not responsive to more intensive treatment. On admis- 
sion to Vanderbilt University Hospital there was no clini- 
cal or radiologic evidence of toxic dilatation of the colon. 
She was febrile, anemic, and had ten to fifteen bloody 
stools daily. Sigmoidoscopy and barium enema after ad- 
mission showed characteristics of diffuse ulcerative co- 
litis. Treatment with opiates, prednisone, steroid enemas, 
azulfadine and ACTH infusions failed to be of benefit. 
Abdominal pain, distention and tenderness developed 
during the fourth week of medical therapy and radio- 
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logic examination showed gaseous distention of trans- 
verse colon (Fig. 3). Her condition rapidly deteriorated 
with rising fever, tachycardia, increasing abdominal pain, 
distention and colonic dilation. Two days later she was 
taken to the operating room where the severely in- 
flamed, thin walled colon was found to have.a single 
perforation with a walled-off abscess. Ileostomy and 
proctocolectomy was carried out with minimal fecal con- 
tamirration. 


Operative Procedure 


Table 2 lists the operative procedures used in the 
seventeen patients with toxic dilatation of the colon. 


Anesthesia was usually halothane with succinylcholine. 


as a muscle relaxant. 


Y A large caliber Pezzer catheter or balloon tube was 


ie rer 


r 
d 


x 
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placed in the rectum via a proctoscope as an aid to de- 
compressing the unprepared colon in most patients. After 
opening the abdomen through a long xyphoid to pubis 
midline incision, the tube was guided by the operator 
into the sigmoid and intermittent suction facilitated de- 
compression of the dilated colon. 

Single stage proctocolectomy which was done in eleven 
patients was usually carried out as a two team synchron- 
ous combined procedure with the patient in dorsal lith- 
otomy position. Great care was taken to avoid injury to 
the thin-walled friable colon and the colon and rectum 
were usually removed in continuity. The ileum was di- 
vided as close to the ileocecal valve as technically feasi- 
ble and a matured ileostomy of the Brooke type? was 
most commonly constructed. In two patients the supine 
position was first used, the colon was resected down 
to rectum and after completion of the abdominal pro- 
cedure, the patient was turned on his side (Sims posi- 
tion) and the rectum removed through the perineum. 

In most patients the perineal wound was closed in 
layers and two suction drainage catheters were left in 
the pelvis and exteriorized lateral to the suture line. 

Total or subtotal abdominal colectomy was used in 
five patients whose condition was so critical that removal 
of the rectum was deferred. In each of these abdomino- 
perineal resection of the diseased rectum was subse- 
quently carried out as a second stage procedure from 
two weeks to three months later. 

Turnbull’s® operation of loop ileostomy with “blow- 
hole” transverse colostomy was carried out in the young- 


TABLE 2. Toxic Dilatation of Colon: Operative Procedure 


Ileostomy and Proctocolectomy 11 
Ileostomy and Colectomy 
(AP Resection Rectum at Second Stage) 5 


Ileostomy and Transverse Colostomy 
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Toxic Dilatation -of Colon: Colonic Perforation Found 
at Operaiton 


TABLE 3. 


Single 4 
Multiple 3 
None 10 


est patient in the group (PED) who had developed toxic 
dilatation in the first two months of acute fulminating 
ulcerative colitis. 

When gross fecal contamination was present at op- 
eration, peritoneal and pelvic lavage with 5 to 10 liters 
of saline was used with drainage of the abdominal gutters 
and massive broad spectrum antibiotic coverage was con- 
tinued in the postoperative period. 


Pathologic Findings 


As indicated in Table 3, gross colonic perforation was 
found at operation in seven of the seventeen patients. 
Examination of the sixteen gross specimens of colon and 
rectum showed each colon to be dilated and thin walled 
with maximal dilatation in transverse colon in most 
specimens (Fig. 4). Serosal surfaces were hyperemic. 
Several specimens had dark, diffuse and mottled areas 
in the dilated segments suggestive of infarction (Fig. 5). 
The perforations observed at operation were confirmed 
and when the specimens were opened, they were found 
to be at areas of deeply penetrating ulcerations. All speci- 
mens showed diffuse ulcerations of large areas of the 
mucosa. Some ulcers were punctate whereas others. 
coalesced and occupied a wide area. Pseudopolyp for- 
mation and mucosal undermining and bridging were 
prominent features in most specimens. Most specimens 
showed the grossly severe ulcerative and inflammatory 
changes to involve the rectum and the entire colon dif- 
fusely while few had less severe to minimal disease in 
the cecum. A few specimens showed minimal gross dis- 
ease in the rectum and cecum (Fig. 6). There was no 
ileal involvement grossly except in one specimen where 
the distal three inches showed serosal and mucosal 
hyperemia and edema characteristic of "backwash" ileitis. 

Microscopic examination of sections from each colon 
and of the biopsy of transverse colon in the patient who 
had Turnbull’s operation showed changes characteristic 
of ulcerative colitis. There were no granulomas seen in 
any specimen. The areas of ulceration were completely 
denuded of mucosa with replacement by vascular granu- 
Jation tissue, heavily infiltrated with inflammatory ele- 
ments, The inner and outer muscle layers in all speci- 
mens were involved in the inflammatory process. In 
some areas the muscularis was completely replaced by 
vascular granulation tissue. Degeneration and necrosis 
of muscle fibers were widely observed. 
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Results 


The early results of combined medical and surgical 
treatment are summarized in Table 4, One patient died 
(JBW). This man had acute fulminating disease culmi- 
nating in toxic dilatation on admission to Vanderbilt 
University Hospital. He was treated medi cally with anti- 
biotics, parenteral fluids and steroids for nineteen days 
before operation. At operation there were multiple sealed 
off perforations of the colon (F ig. 4) and proctocolec- 
tomy Was done in a massively contaminated field. De- 
spite vigorous postoperative supportive therapy, he died 
two weeks after operation in uremia with multiple ab- 
scesses, peritonitis and Pseudomonas septicemia. 

All other patients survived operation with varving de- 
grees of difficulty in the recovery period. 





SCOTT AND OTHERS 


Ann. Surg. * May 1974 


Fic. 4. Gross specimen of 
colon and rectum in pa- 
tient J. B. W. who had 
toxic dilatation and mul- 
tiple colonic perforations. 


u 


Four patients made totally uneventful recoveries with 
primary healing of wounds and no complications whatso- 
ever. Two others made equally smooth recoveries except 
for a mild urinary infection in one and transitory peroneal 
palsy in the other. 

The ten other surviving patients had a varietv of 
complications which delaved recovery. The non-fatal 
complications are listed in Table 5. 

Problems with infection and wound healing were the 
most frequently encountered complications. 

Bleeding from the retained rectal segment of per- 
sistent and significant degree occurred in the first few 
weeks after abdominal colectomy in three of the five 
patients who were so treated and necessitated urgent 
second stage resection of the rectum. One of these and 
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Fic. 5. Photograph of gross specimen of colon and rectum in patient C. M. K, with toxic dilatation showing diffuse necrosis and infare- 
tion of colonic wall. 
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Fic.* 6. Photograph of 
gross specimen of colon 
and rectum in patient 
J. K. O. with toxic dila- 
tation and severe ulcera- 
tive necrosis of colon with 
minimal gross disease in 
cecum and rectum. 


one other patient with subtotal colectomy also had 
multi-loculated pelvic abscesses which were drained 
at the time of removal of the rectal segment. 

Two patients had a poorly explained post-anesthetic 
coma which required several days of respiratory support. 
Gastric bleeding which occurred in one patient from 
stress ulcers fortunately responded to non-operative 
treatment. Treatment of thrombophlebitis with heparin 
in patient HR resulted in a pelvic hematoma which sub- 
sequently became infected and required open perineal 
drainage and slowed recovery. In another patient a 
brachial stretch injury sustained during operation was 
transitory with full recovery. 

All patients were successfully weaned off steroids 
within the first few weeks after operation. 

Late results of treatment in the sixteen survivors are 
summarized in Table 6. After recovery from the removal 
of the diseased colon and rectum, there was a rapid re- 
turn to good health with good adjustment to ileostomy 
and impressive weight gain in fourteen patients. Re- 
habilitation in this group over the last one to ten years 
has been excellent. The only late complications have been 


Taste 4. Toxic Dilatation of Colon: Early Results 
Deaths 1 
Survivors 16 


Survival Rate 
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the persistence of a chronic perineal sinus requiring 
subsequent operative excision in two patients and stenosis 
of the ileostomy requiring stomal revision in one other. 

One patient (RS) who survived perforation of the 
toxic megacolon with removal of the colon and rectum 
in two stages has made a satisfactory recovery and has. 
only recently been discharged from the hospital. 

The single patient (PED) treated by Turnbull's'? op- 
eration has made an excellent adjustment to ileostomy 
and an impressive recovery from the toxic dilatation 
syndrome. His colitis has been in remission during the 
two years since operation and proctocolectomy has not 
yet been carried out. 


Comment 


Since Marshak’s® original description in 1950, toxic 
megacolon or, preferably, toxic dilatation of the colon 
has been recognized by clinicians as the most hazardous 
complication of ulcerative colitis. While it may occur 
much less frequently in granulomatous colitis and, as Rip- 








TABLE 5. Toxic Dilatation of Colon: Non-fatai Postoperative 
Complications 
Abdominal Abscess 5 Coma 2 
Wound Abscess 4 Stress Ulcer 1 
Urinary Infection 3 Thrombophlebitis 1 
Rectal Bleeding 3 Bladder Dyskinesia 1 
Wound Dehiscence 2 Brachial Palsy 1 
Perineal Infection 2 Peroneal Pasly 1 
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stein!! and others have pointed out, in pseudo-membran- 
ous colitis, rarely in ischemic bowel disease and amebia- 
sis, it is most characteristic of the fulminant phase of 
ulcerative colitis. 

Fortunately, it is an uncommon complication of ul- 
cerative colitis. According to Spiro’? it may develop in 
one to two per cent of patients with this disease. It is 
apparently more closely related to the severity of the dis- 
ease than to its duration. 

Bockus and his associates? first suggested that paralysis 
and destruction of the myenteric plexus might be the 
cause of the colonic paralysis and dilatation. McInerney 
and coworkers? have reported distortion and edema of 
the nerve cells, but others have failed to show consistent 
changes in the neural mechanism. 

Lumb, Protheroe and Ramsay’ in 1955 emphasized 
the importance of penetration of the ulcerative inflam- 
matory process into the muscular coats of the colon with 
necrosis and destruction of muscle fibers as the basis 
for dilatation of the colon in severe ulcerative colitis. 
Similar observations by Hickev, Tidrick and Layton? led 
the authors to suggest the term “fulminating ulcerative 
colitis with colonic wall necrosis” as more accurately de- 
scriptive of the condition. Spiro!^ sums up current evi- 
dence in stating that “direct inflammatory infiltration of 
the muscular coats is probably the most important factor 
in the genesis of acute toxic dilatation and is no doubt 
the most important factor in subsequent perforation 
of the colon.” 

The specific etiology of toxic dilatation remains un- 
known just as does the etiology of ulcerative colitis. 
"Smith, Law and their coworkers! have stressed the 
possible roles of barium enema, hvpokalemia, opiates 
and anticholinergic drugs in the genesis of toxic dilata- 
tion by distending the wall of the ulcerated colon and 
further impairing its peristaltic activitv. While the role 
of these factors remains uncertain it seems wise to cor- 
rect hypokalemia and avoid barium enemas and anti- 
cholinergic drugs in the acute fulminating phase of ul- 
cerative colitis. 

The clinical syndrome of acute toxic dilatation in ul- 
cerative colitis has been well described and when ac- 
companied by radiologic evidence of the characteristic 
gaseous distention of a dilated, thin walled ulcerated 


TABLE 6. Toxic Dilatation of Colon: Late Results 
Followup 
Operation Patients — Result Period 
lleostomy, Colon and 
Rectum Resected 14 — Excellent i to 10 Yr. 
1 Satisfactory Recent 
Discharge 
Ileostomy, Colostomy 
Colon and Rectum in situ i Good 2 Yr. 
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colon (Figs. 1, 2) the diagnosis needs no further con- 
firmation. Most clinicians now recognize that toxic 
dilatation is potentially lethal and, as Ripstein!! has said, 
"is but a step away from perforation of the colon." 

The proper course of treatment of toxic dilatation re- 
mains controversial. Spiro!! sums up recent collective 
experience by stating that about 25 per cent of such pa- 
tients treated medically will die and 25 to 40 per cent of 
those who do not respond to medical therapy and who 
must undergo emergency colectomy will also die. 

Adams! has recently reviewed the experience with 16 
patients at the Universitv of Rochester Medical Center 
and found that all patients operated on within 5 davs 
after the onset of toxic dilatation survived while three 
postoperative deaths occurred in patients whose colons 
perforated during 6 or more davs of medical therapy. 
He summarized evidence from his own studv and those 
of McElwain et al. and Turnbull and his coauthors! in- 
dicating that the great majority of patients who have 
survived the toxic dilatation syndrome by medical ther- 
apy alone or by Turnbull's procedure have subsequently 
required ileostomy and proctocolectomy. Hence, he 
questions the validity of the concept that prolonged med- 
ical therapy of toxic dilatation is justifiable in the hope 
that the patient will be spared an ileostomy. 

The results of prolonged medical therapv in our series 
indicate an icreased incidence of perforation of the colon 
when operation was delayed. Furthermore, serious de- 
terioration in the patient's condition had occurred when 
operation was finally resorted to in everv instance of 
prolonged delav. 

It has been our experience"? in surgical treatment of 
ulcerative colitis that the operative procedure of choice 
is ileostomv and single stage proctocolectomv. We have 
used this as the ideal objective in dealing with this 
series of patients with toxic dilatation of the colon. 

Turnbull and coworkers! have reported highly suc- 
cessful results in early surgical treatment of toxic dilata- 
tion by loop ileostomy and transverse and/or sigmoid 
“side” colostomies. They had one death in 42 patients 
with this treatment which they consider as a temporizing 
procedure to get the patient through the toxic phase, 
clean out the colon and hopefully render the patient 
a better risk for planned colectomy. 
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DISCUSSION 


Dr. Waryam H. ReMine (Rochester, Minnesota): As I read 
over the manuscript, I was impressed with the fact that there 
was such a terribly long interval between the onset of the acute 
episode and the time that these patients arrived at a suitable place 
for treatment. | | : 

I was also impressed with the long period of treatment during 
thé chronic phase, up to 17 years. This is part of the problem we 
are all confronted with: How to get physicians who are handling 
the primary treatment of these patients to refer them to an in- 
stitution where they can be adequately treated. 

"The use of steroids creates a difficult problem because it masks a 
lot of the acute symptoms that come with perforation and abscess 
formation, and in addition the aa develop a euphoria which 
is very misleading. When asked how they feel: They fee! great, 
and they act like they feel great, until suddenly they collapse be- 
cause of the overwhelming sepsis that has developed. | 

"This is something to always keep in mind in any patient being 
followed while on steroid therapy. 

Now, to get to some of the technicalities of the operation. One 
often hears the expression "an adequate incision." We now have 
a situation where a “more-than-adequate incision"should be made, 
since it is necessary to have plenty of exposure so that it is 
not necessary to put tension on the bowel until it is properly mo- 
bilized. 

My approach has been to pack the abdomen off as soon as we 
enter the abdomen through a more-than-adequate incision; packing 
off all the areas where you might develop pooling of soilage. 

Recently, we have keai using a long rectal tube, about a #35 
French. This is started before the operation by putting it just in 
the rectum, and after the abdomen is opened, the tube is passed 
up as far upward as possible by having someone push it up under 
the drapes. It can then be guided by hand into adequate posi- 
ien 2 that decompression of the soggy bowel can. be accom- 

ished. 

E The use of intra-abdominal antibiotics was not mentioned in 
the manuscript. Dr. Scott talked about postoperative antibiotics, 
and certainly adequate use of these is to be encouraged. I think 
this is one instance where we might think very seriously about 
using them after careful lavage, which they use, with large, 
copious quantities of sterile water and sterile saline to lavage 
out the abdomen in the presence of contamination, but also to use 
intra-abdominal antibiotics. 

Now, anesthesiologists don't usually encourage this, but I 
think, with judicious use, it can be used quite adequately and 
helpfully. The only complication I have had with this lately is 
that the endotracheal tube has to remain in place a bit longer 
during the immediate postoperative period, but other than this 
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the patients that I have seen have gotten along very well. 

The use of the transverse colostomy decompressive maneuver 
has been discussed. 

We have not had much experience with this because, on the 
whole, if you use proper care with the decompressive tube from 
below, I think you can avoid having to produce a colostomy that 
has to be taken down at a future date. I certainly wouldn't re- 
fuse to use it, if it were necessary, however, and I think this is 
something that you have to determine at the time. 


Dra. Wiu.LiAM C. McGanrry (Atlanta): It has been our 
tendency in the last few years to operate much earlier on pa- 
tients with toxic megacolon, and I feel this has cut down con- 
siderably on the mortality and the morbidity. Unfortunately, 
our friends, the gastroenterologists, tend to attempt to save the 
patient an ileostomy, or an operation, and by the time the con- 
sultation is asked for, many of these patients have an impend- 
ing perforation, or a free perforation. 

We also feel that the treatment of choice is to remove the 
entire diseased colon. The operative procedure is ultimately dic- 
tated by the operative findings. If there are no contraindications, 
the procedure of choice is to do an ileostomy and a single-stage 
proctocolectomy. However, if there is any added risk, we do not 
hesitate to do the total abdominal colectomy, and leave the rec- 
tum and rectosigmoid in place, and remove it at a later date. Of 
course, if the patient is bleeding, then one must remove the entire 
colon. We have not had any late bleeding, as Dr. Scott reported, 
from the rectal segment. 

I feel that in the patient with an impending perforation, a more 
conservative approach should be taken. As most of us know, the 
impending perforation usually occurs in the area of the splenic 
flexure or in the left colon. In many of these patients we have 
tended to do what we refer to as a near hemicolectomy. The right 
colon and right transverse colon are resected, and the left trans- 
verse colon is brought out as a vent for decompression of the left 
colon. We have found that this is a helpful procedure in many 
of these cases. 

However, if the patient has an impending perforation in the 
transverse colon or the right colon, I certainly think this is the 
place for the Tumbull procedure. A loop ileostomy and a trans- 
verse colostomy is done. In the patients where we have carried 
out this procedure, we have not found it necessary to do the sig- 
moid colostomy. If a long rectal tube is inserted prior to lapa- 
rotomy the distal colon can be decompressed at the time of op- 
eration. 


Dn. Doucras H. RimpErL (Nashville): In the last few years 
we have had occasion to operate on six patients such as Dr. Scott 
has presented. In four of these patients a one-stage coloproctec- 
tomy was done while two required a two-stage procedure. 
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The one-stage procedure is preferable, in my opinion. It prob- 
ably does not add as much operative risk as we once thought, 
and certainly going back to excise a diseased rectal segment may 
not be a minor procedure. The interval from admission to op- 
eration in this small group of six patients varied from three hours 
to 39 days. All these patients with one exception had had steroid 
therapy.. Two patients had perforation and profuse peritoneal 
lavage cannot be overemphasized in the treatment of this con- 
taminated peritoneal cavity. As Dr. ReMine mentioned, a very 
liberal incision should be made with profuse irrigation after 
termination of the procedure. 

I would like to mention an unusual case in whom the diagno- 
sis was very difficult. A 28-year-old male had been ill for only 
two weeks and presented a rather classical picture of toxic mega- 
colon. A red herring was thrown in, however, with a history of 
ingestion of well water and elevated Salmonella agglutination 
titer without stool confirmation. Sigmoidoscopic examination was 
very equivocal even with biospy from the rectosigmoid. Radio- 
graphic studies suggested a toxic megacolon. 

After some deterioration of the patient, a laparotomy was car- 
ried out with the idea that he had toxic megacolon. Grossly we 
could not say that this colon, having been examined thoroughly 
from cecum to rectum, presented anything but a diffusely dilated 
colon without any presence of fibrin or palpable lesions, 

The patient did have some small gallstones. The gallbladder was 
removed, thinking that possibly this was the source of the fever 
and ileus although it was not very convincing. 

He did well for 48 hours but then became-quite ill. Nine days 
later he was reexplored after lesions did appear on sigmoidoscopy, 
and a total colectomy was completed in one stage with a perma- 
nent ileostomy. 

The colon looked no different at the second procedure than 
it did ‘at the first, but pathologically and grossly the patient had 
linear ulcerations throughout his colon, compatible with ulcera- 
tive colitis and toxic megacolon. His recovery was rapid and 
dramatic. 


Dr. Mark: M. Ravitcs (Pittsburgh): We have adopted the at- 
titude for a good many years now that the patient who has an 
emergency indication for operation for ulcerative colitis, whether 
it's massive hemorrhage or rapid deterioration in his general con- 
. dition with a bloody, purulent flux, or the patient with toxic mega- 
colon, must have a one-stage pancolectomy-proctocolectomy. 

The stable patient who has a more or less elective procedure 
can obviously withstand a proctocolectomy in one stage. It is 
not at all clear that the patient with a fulminating lesion can 
withstand anything less than a proctocolectomy. He can withstand 
the operation, and he will get better, if at the completion of the 
operation he is cured of his disease. 

The one patient whom Dr. Scott lost, having rectal bleeding 
some days after operation, I presume still had his retained rec- 
tum. And the addition, as pointed out by Dr. ReMine and Dr. Rid- 
dell today, and so ably presented by Dr. John van Prohaska a few 
years ago, of copious abdominal irrigation and instillation of anti- 
biotics, with appropriate regard for the possible effect that has 
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on respiration, as Dr. ReMine pointed out, has made, I think, a 
very large difference. 

I note that Dr. Scott failed to mention another type of compli- 
cation of rather great interest, which we have seen on three oc- 
casions in these patients; in fact, once in a child with an elective 
colectomy. The other two were adults with emergency colec- 
tomies for just this condition. And this is unconsciousness and con- 
vulsions, varying from a few hours to a day or two after opera- 
tion, leading to respiratory arrest. | 

It did happen that all these patients left the hospital well, 
one of them a bit aphasic, but recovering. None of the patients 
had an abnormal serum magnesium, which we thought might be 
the cause. They had all been on steroids, and I wonder if Dr. 
Scott, with his extensive endocrinologic experience, would think 
that this might possibly be the cause. 


Dr. H. WiLL1AM Scorr, Jr. (Closing discussion): The steroids 
represent an enigma, Í think, as far as most of us are concerned, 
in their application to the treatment of this toxic syndrome. We 
Know that steroids supposedly stabilize lysosomal membranes, and 
thus perhaps prevent some of the cellular destruction that can 
go with these severe forms of ulcerative colitis. Goligher of 
Leeds, however, said in 1965 in answer to the question as to 
whether steroids may increase or lessen the tendency toward 
ulceration, that steroids probably increase the incidence of perfora- 
tion in ulcerative colitis, not by any positive or negative effect 
on the wall of the colon, but by effect on the physician, whereby 
he is lulled into a sense of o Sors and thus defers the needed 
operative treatment. 

Dr. ReMine, we use large quantities of saline lavage after co- 
lectomy in these patients, both with and without fecal con- 
tamination. We have stayed away from intraperitoneal antibiotics, 
following the teachings of our colleague, Dr.William Altemeier, 
and have preferred to use intravenous antibiotic therapy. 

Dr. McGarity, we have had no experience with the procedure 
you describe, of doing a partial, or hemicolectomy and leaving 
the distal transverse colon as a stoma. As you know, Dr. Turn- 
ul's procedure is advocated by him as a means of getting the 
patient through a life-threatening problem on a first-stage basis, 
to permit decompression of the colon, hopefully to clean it out, 
and then, as the patient becomes less toxic, eventually to do a 
second stage removal of the colon; and he has done this in the 
great majority of the patients who have had his ileostomy-colos- 
tomy procedure. 

Dr. Ravitch and Dr. Riddell have had some interesting experi- 
ences, In regard to single-stage proctocolectomy, we have always 
had this as an ideal objective. However, in our series reported 
here the single death was in a patient who did have a single- 
stage proctocolectomy for multiple colonic perforations. 

In the five patients who had two-stage removal of the colon 
and rectum, the complications of postoperative rectal bleeding and 
abscess in the pelvis, which are related leaving the inflamed rec- 
tum, have persuaded me that Dr. Ravitch is right. He's a leader 
in the concept that removing all of the inflamed large bowel in 
this disease is the most important way to restore the patient's 
health. 


Polypoid Lesions of the Proximal Colon: 


Comparison of Experiences with Removal at Laparotomy 


and By Colonoscopy 


CARL O. KNUTSON, M.D., LAWRENCE C. SCHROCK, M.D.,* 


Transabdominal polypectomy is associated with a signifi- 
cant morbidity, a measurable mortality, and subjects a sub- 
stantial number of patients to unnecessary laparotomy. Colon- 
oscopic polypectomy appears to be a safe alternative to 
the transabdominal approach, is associated with less mor- 
bidity, and no reported mortality, and avoids needless ab- 
dominal procedures. The financial morbidity of colonoscopic 
polypectomy is significantly less than that incurred by 
transabdominal polypectomy. Caution should be employed 
and considerable experience gained in diagnostic colonos- 
copy before instituting a program of colonoscopic polypec- 
tomy in order to maintain the heretofore excellent results. 


ROPER MANAGEMENT OF POLYPOID LESIONS of the 
Vaden colon remains a problem. Even the best 
current practice, weighing the probability of cancer 
detection and early treatment against the operative mor- 
bidity and mortality related to the operative removal of 
the lesions, leaves much to be desired. On the one hand, 
many needless procedures are performed for asympto- 
matic, benign polypoid lesions. On the other hand, a 
few cancers continue to be overlooked and effective treat- 
ment delayed because of their small dimensions. 

The traditional approach of laparotomy-colotomy has 
been shown to bear low mortality and reasonable mor- 
bidity rates. The data regarding such basic information, 
referable to a commonly performed operation, are sparse 
and the cost-benefit results are not clear. 

A better approach to this common clinical problem 


* A portion of the work was done during Dr. Schrock's tenure 
as a Clinical Fellow of the American Cancer Society, 1971-72. 

Presented at the Annual Meeting of the Southern Surgical Asso- 
ciation, December 3-5, 1973, Hot Springs, Virginia. 
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may be colonoscopic polypectomy, promising lower mor- 
bidity and conceivably no mortality. This new technique 
appears to circumvent many of the inherent risks associ- 
ated with laparotomy-colotomy, prevents many needless ' 
laparotomies, detects cancers in small lesions heretofore 
only observed radiographically, and significantly reduces 
the expense of managing a common colonic disorder. 

The object of this paper is to define our experience with 
laparotomy-colotomy in terms of physical and financial 
morbidity, describe some recent experiences with colono- 
scopic polypectomy, and compare the two approaches in 
terms of cost-benefit to the patient. 


Laparotomy Colotomy 


Laparotomy-colotomy for removal of polypoid lesions 
of the proximal colon in 154 consecutive patients was 
studied to ascertain mortality and physical and financial 
morbidity. The mean age of the entire group was 54 
years, and the ages ranged from two years to 81 years 
(Fig. 1). Among the 154 patients, 195 polypoid lesions 
were removed. The cancer yield included six invasive 
polypoid cancers (3.12), three non-invasive polypoid 
carcinomas (1.5%), four adenomatous polyps with in situ 
cancer (2.1%), and one malignant villous adenoma (0.5%). 
Thus, even the most liberal pathologist could have found 
only 7.2% “cancers.” The histologic types of all lesions 
removed are illustrated in Table 1. 
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colotomy. 


Eighty-eight per cent (172) of all lesions removed 
were distal to the transverse colon, which also encom- 
passed 12 of the 14 malignant lesions (Table 2). The 
smallest lesion removed was 0.5 cm in diameter, and 
the largest lesions removed was 4.6 cm in diameter. 

Table 3 correlates the diameters of the lesions with the 
presence of malignancy. No malignant lesions were 1 cm 
or lesssin diameter. The smallest cancer was 1.2 cm in 
diameter, and the largest cancer was 3.0 cm in diameter. 

There were no mortalities in this series; however, 22 
patients (14%) sustained a total of 23 complications dur- 


«ng the postoperative period (Table 4). In the group of 


22 patients sustaining comiplications, 17 occurred in a 
group of 117 patients undergoing laparotomy-colotomy as 
an isolated procedure, while the remaining five patients 
with complications were in a group of 37 patients who 
had associated procedures performed during the same 
procedure as the colotomy (Table 5). The additional 
associate procedures did not appear to affect the rate of 
complications, although the numbers are too small to 
have statistical significance. 





TABLE 1. Histologic Diagnosis of Tumors Removed by Laparolomy- 
Colotomy 

Histologic Diagnosis Number . Percent 
Polypoid cancer with invasion 6* 3.1 
Polypoid cancer without invasion 35 1.5 
Adenomatous polyp with in situ cancer 4* 2.1 
Villous adenoma (malignant) 1* 0.5 
Adenomatous polyp with focal atypia 4 2-4 
Adenomatous polyp (benign) 160 82.0 
Villous adenoma (benign) 4 2:1 
Mucosa! or retention polyp 11 5.6 
Colonic lipoma 2 1.0 
195 100.0 


* 14 malignant lesions (9% of all laparotomy-colotomies) 
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TABLE 2. Distribution of Tumors in Patients Undergoing 
Laparotomy-colotmy 
Distribution of all 
Distribution Lesions 
Location of Cancers Number Per cent 
Sigmoid colon 9 125 64 
Descen.ling colon 3 32 16 88% 
Splenic flexure — 15 8 
Transverse colon 1 10 5 
Hepatic flexure — 5 3 oa 129% 
Ascendirig colon — 3 1 x 
Cecum 1 5 3 
14 195 (100) 


Intraoperative coloscopy was performed on 24 patients 
of whom seven (29%) had postoperative complications. 
However, only three of the complications could be di- 
rectly attributed to the coloscopy or colotomy. 

The mean hospital stay was 8.0 days for 132 patients 
with uneventful postoperative recoveries, whereas the 
22, patients sustaining postoperative complications had 
a mean hospital stay of 13.2 days. In terms of financial 
morbidity, with an uneventful recovery, the mean cost 
per patient for a laparotomy-colotomy procedure was 
$1,483.00. The occurrence of a postoperative compli- 
cation adde 5.2 days to the mean hospitalization time and 
consequently increased the cost per patient to $2,003.00 
( Table 6). 


Colonoscopic Polypectomy 


Endoscopic removal of polypoid lesions of the proxi- 
mal colon has gained popularity as an alternative to 
laparotomy-colotomy. This new approach has been 
championed by Wolff and Shinya? who have removed . 
499 polyps from 376 patients with a minimal complication 
rate of 1.6% and no mortalities. Recent reports by Berci! 
and Sugarbaker? lend support to these results and con- 
firm the low morbidity associated with this procedure. A 
summary of these three reports shows a total of 630 
polyps have been removed from 475 patients, with an 
overall morbidity rate of 2.3% and no mortality. Compli- 
cations included nine post-endoscopy bleeding episodes 
and two bowel perforations, only one of which required 


TABLE 3. Size (diameter) of Tumors Removed by Colotomy- 
Laparotomy 
Distribution 
Total Number of Cancers 
(Size (dia.) Lesions Per cent Number Per cent 
0.5-1.0 cm 71 36 — — 
1.1-1.5 cm 65 33 6 43 
1.6-2.0 cm 31 16 3 21 
2.1-2.5 cm 17 9 3 21 
2.5-3.0 cm 11 6 2 15 
195 (100) 14 (100) 
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TABLE 4. Complications Associated with Laparotomy-Colotomy 


Complication Number 
Wound 8 
Infection (5) 
Dehiscence (1) 
"Seroma'' (2) 
Colon hemorrhage s 
Pneumonia 2 
Thrombophlebitis 2 
e Congestive heart failure 2 
Protracted post-operative ileus 1 
Miscellaneous complications 3 
231 
* One patient required reoperation. 
[ Patient complication rate = 14% (23 complications in 22 


patients). 


surgical correction. These data are tabulated in Table 
7. Although our experience is modest, three case reports 
illustrate the appeal of endoscopic polypectomy. 


Case Reports 


Case 1. A 73-year-old, asymptomatic man. was evaluated for a 
slightly positive hemoccult slide test for fecal blood (1+/6). A 
barium enema examination revealed a filling defect in the upper 
sigmoid colon. The patient was instructed in a colon preparation 
and colonoscopy was performed as an outpatient procedure. A 
polypoid lesion, 1.2 cm in diameter, was removed endoscopically 
from a site 70 cm above the anus. Following the procedure, the 
patient return home for an uneventful recovery. Histologically, the 
lesion was a benign adenomatous polyp 

Case 2. A 59-year-old man had undergone a left hemicolec- 
tomy for a Duke's B carcinoma of the descending colon one year 
previously. During a routine followup barium enema examination, 
a questionable filling defect was noted in the distal sigmoid colon. 
Sigmoidoscopy examination was normal to 25 cm. An air contrast 
barium enema was performed confirming the presence of this 
lesion. Following a colon preparation, colonoscopy was performed 
as an outpatient procedure at which time a 1.4 cm polyp was 
removed from the 50 cm level. The patient had an uneventful 
recovery at home. Histologically, the tumor was a benign ade- 
nomatous polyp. 

Case 3. A 25-year-old man was found to have a probable filling 
defect in the mid-sigmoid colon by barium enema examination 
performed during an evaluation for intermittent rectal bleeding. 
Proctosigmoidoscopy examination was normal to 25 cm. Radio- 
graphically, the lesion appeared to have a sessile base. Following 
a colon preparation the patient was hospitalized and underwent 
colonoscopy on the same day. The scope was passed to the mid- 
transverse colon; no lesion was noted. He was subsequently dis- 
charged and follow-up air contrast barium enema confirmed the 
nonexistence of the lesion originally suspected. 


Several comments concerning these cases are in order. 
Cases 1 and 2 were performed as outpatient procedures, 
an approach reserved for lesions with well-defined, 
slender pedicles. These lesions, when cauterized, have 
little tendency to bleed. However, broad-based lesions 
are less predictable and should be removed on an in- 
patient basis. 
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TABLE 5. Comparison oj the Frequency o] Complications Occurring 
Between Patients Undergoing Laparotomy-Colotomy as an 
Isolated Procedure and Those Undergoing Additional 





Procedures 
Number Number with Per cent 
of Patients Complications Complications 
Isolated procedure 117 17 15 
Additional procedures 37 5 14 
Total 154 22 14 


As illustrated by Case 3, and commonly appreciated by 
experienced surgeons, barium enema interpretations may 
at times be misleading. Colonoscopy is a non-invasive 
means of avoiding needless laparotomy for nonexistent 
lesions. Table 8 emphasizes that in most large series of 
laparotomy-colotomy procedures up to 5% of patients 
have no detectable polypoid lesions on operation. — 

The reasons for removing polypoid lesions from the 
colon are twofold: 1) their association with cancer, and 
2) symptoms resulting from the presence of the lesion. 
Grinnell,* in a series of 1,352 polypoid colon lesions, in- 
dicated that the incidence of cancer increases as the 
size of the polyp increases, and that a polyp 2 cm in 
diameter carries a 10% probability of being a polypoid 
cancer. If one accepts these figures, nine out of ten lap- 
arotomy-colotomy procedures performed for asymptom- 
atic polyps, 2 cm in diameter, to detect cancer gre un- 
necessary and almost totally avoidable by employing 
endoscopic polypectomy. In the latter situation, only 
those with a histologic diagnosis of cancer would. re- 
quire a laparotomy for a definitive cancer procedure, 
These figures are subject to some variation, but the fact 
remains that many needless laparotomy-colotomy pro- 
cedures are performed for asymptomatic, benign colon 
lesions. 

Considering that the need for hospitalization for 
colonoscopic polvpectomy is limited to 24 to 48 hours, 
and in select cases eliminated altogether, the cost in- 
volved in managing polypoid colon lesions is significantly 


TABLE 6. Effect of Postoperative Complications in Patients Under- 
going Laparotomy-Colotomy Related to Financial Morbility 


Cost/Patient ($) 


— — 


No. With 
Complications Complications 
Hospital stay (mean days) 8.0 i 19.2 


Hospital cost/day 


($90.00-$110.00) 720.00- 880.00 1188.00~1452.00 


Operating suite (1.0-1.5 hrs) 80.00- 145.00 80.00— 145.00 
Recovery room 20.00- 20.00 20.00- 20.00 
Anesthesiologist's fees 90.00- 110.00 90.00— 110.00 
Surgeon's fees 300.00— 500.00 300.00- 500.00 
Pathologist (F.S.) 50.00- 50.00 50.00- 50.00 
1260.00—1705.00 1728.00-2277.00 

Mean cost/patient (1483.00) (2003.00) 
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TABLE 7. Physical Morbidity Associated With Colonoscopic Palypectomy (Review of Literature) 
Number of 
No. of Complications % Complication 
No. of Polyps Rate for 
Author Patients Removed Non-Perf. Perf. Polypectomy % Mortality 
Berci (1973) 69 91 2 0 2.9 
Sugarbaker (1973) 30 40 2 p 10.0 
Wolff, Shinya (1973) 376 499 5 1 1.6 
475 630 11 2.3 





* Required surgical correction 


reduced. The average cost for colonoscopic polypectomy 
in our areas is $620.00. Table 9 compares this cost with 
. the average cost of a laparotomy-colotomy procedure with 
and without postoperative complications in the same 


area. 


Discussion 


The yield of carcinomas from the routine use of lap- 
arotomy-colotomy for colonic polypoid lesions, 1 cm and 
greater in diameter, is low. In this series, if one accepts 
the histologic diagnosis in all possible cases, the maxi- 
mum cancer yield would be 9%. This includes truly in- 
vasive lesions, as well as the more controversial in situ 
lesions. The physical morbidity of the procedure in this 
setting was 14%. In a series of 311 laparotomy-colotomies, 
Kleinfeld and Gump? reported 38 carcinomas, 22 of which 
were invasive lesions with a morbidity rate of 20%, and 
four postoperative deaths. In addition, 11 patients who 

ea underwent this procedure had no lesions. Consistent with 
these results, Deddish and Hertz? reported 116 laparot- 
omy-colotomy procedures for seven in situ and 29 in- 
vasive carcinomas with a series morbidity rate of 41% and 


Two patients in their series underwent laparotomy- 
colotomy for nonexistent lesions. These findings are sum- 
marized in Table 8. 

A review of the incurred financial morbidity in our 


series was sobering. The mean cost per patient for an 
uncomplicated laparotomy-colotomy was $1,483.00. Post- 
operative complications protracted the hospitalization 
time by 5.2 days, increasing the cost per patient by 35% 


( Table 6). At best, except for the procedures justified by 
patient symptomatology, only 92 benefited from the pro- 
cedure (14 patients with malignant lesions). With the ex- 
ception of those patients with significant bleeding, the 
remaining patients were subjected to operations which 
now could be avoided. Obviously, until recently lapa- 
rotomy-colotomy was the only means available to diag- 
nose and remove lesions of the proximal colon. 

Colonofiberoscopy was introduced in this country in 
1969. Early results related to the procedure as a diag- 
nostic tool have been previously reported by numerous 
investigators,99.191,15 Relative to the removal of proxi- 
mal colonic polypoid lesions, the merits of colonoscopic 
polypectomy are significant. 

Table 1 summarizes the results of 475 patients sub- 


one postoperative death. In their series, 5% of the lapa- jected to colonoscopic polypectomy in which 630 polyps 


rotomy-colotomy procedures resulted in no lesions being 
found. Similarly, Swinton and Weakley? described the 
results of 245 laparotomy-colotomy procedures. Thirty- 
one carcinomas were removed (132). One patient died 
postoperatively and the overall morbidity rate was 7%. 


TABLE 8. Physical Morbidity and Mortality Associated With Laparolomy- Colotomy and Intra-operative Coloscopy 


Number of 
Author Patients 
Deddish & Hertz (1955) 116 
Kleinfeld & Gump 
(1960) 311 
Swinton & Weakley 
(1962) 245 
Total 672 


* Includes in situ carcinoma 


No. of 
Intra-op 
Coloscopies 


110 
149 
120 
379 


(Review of Literature) 


No. Polyps 
Found 


No. % 


Complications 


76 
4] 


20 


Mortality 
No. % 
1 <1 
4 1 
1 «1 
6 «1 


were removed with an incurred overall morbidity rate of 
2.3% and no mortality. Comparing the safety of this ap- 
proach to the laparotomy-colotomy which is associated 
with an overall 19% morbidity rate, a 3% negative explora- 
tion rate, and a small, but measurable, mortality rate, 


Cancers 
No. % 
36 31 
38 12 
31 13 
105* 16% 
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TABLE 9. Cost of Laparotomy-Colotomy Compared to Colonoscopic 
Polypectomy (Mean Coast) 
Procedure Cost/Patient (Mean) 


Laparotomy-Colotomy 


No Complications $1482.00 
With Complications $2003 .00 
Colonoscopic Polypectomy $ 620.00 


colonoscopic polypectomy would appear to be a prefer- 
able procedure (Table 8). | 
Although it is not possible to attain the level of the 
cecum in all colonoscopic procedures,99-15 88% of the 
lesions in this series were distal to the transverse colon, 
a distance regularly attainable with the colonoscope 
(Table 2). Also, 86% of the carcinomas discovered were 


. less than 2.5 cm in diameter, a size easily circumvented 


with the electrocautery wire snare ( Table 3). 
Colonoscopic polypectomy provides a significant reduc- 
tion ia cost per patient (Table 9) and avoids needless 
laparotomy-colotomy procedures because only excised 
lesions with a histologic diagnosis of carcinoma ulti- 
mately require laparotomy. In support of our findings, 
Bloom? compared the cost of colonoscopic polypectomy 
with transabdominal polypectomy and noted a reduction 
of 67% in cost, as well as a reduction in morbidity. Ad- 
ditional patient benefits include minimal hospitalization 


. (less than 48 hours), avoidance of major abdominal sur- 


gery, and early return to work. 
Enthusiasm for colonoscopic polypectomy should be 


- tempered with a note of caution; as expressed by Wolff 


and associates.!?1? He suggests that considerable experi- 
ence be obtained passing the colonoscope as a diagnostic 
instrument, before instituting a program of colonoscopic 
polypectomy. In addition, each colonoscopic polypectomy 
should be backed up with complete surgical support, in 
case a complication occurs which requires surgical cor- 
rection. In the discussion of Wolff and associates’ paper," 


Discussion 


Dr. Warp O. GrirFen, Jr. (Lexington, Kentucky): I agree 
with all the points, particularly the need for expertise in the use 
of the colonoscope before embarking on colonoscopic polypectomy. 
Our proctologist, Dr. Patrick Hagihara, who happens to be Board- 
certified in general surgery as well as proctology, has become an 
expert after some 200 such procedures, and he has successfully 
removed 20 colonic polyps by this means. The one complication 
of bleeding occurred because of a faulty cautery, which simply 
emphasizes the fact that not only the operator, but the equipment, 
needs to be in good working order. Even a little bit of bleeding 
can quickly obscure the view totally. Fortunately, as in that one 
case, the bleeding generally subsides without need for explanation. 

(Slide) This is the most recent patient. That is the 20th polyp 
that Dr. Hagihara has removed. I believe you can see the polyp 
right here. | 

(Slide) This is the colonoscope approaching onto the polyp. 
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Welch and Moore have indicated that early experience 
with colonoscopy, in some hands, has been associated 
with a higher rate of morbidity than reported by the 
authors. However, as more experience is gained, the 
overall morbidity of colonoscopic polypectomy will be 
delineated and present data suggests it will remain less 
than the morbidity associated with laparotomy-colotomy. 
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(Slide) The next slide will show you it grasped by the forceps, 
preparatory to taking it off; (slide) and the next slide, the polyp 
after its removal. 

This procedure was done as an outpatient, and took exactly 
35 minutes. 

There are many other uses of the colonoscope, some of which 
I would like to bring to your attention at this time. (Slide) This 
is a colonoscopic finding in a p who had had a right hemi- 
colectomy over a year previously, and presented with hypochromic 
anemia and a normal barium enema. The lesion is clearly seen, 
and, in fact, turned out to be microscopic recurrence at the suture 
line. 

This procedure can be used to confirm, establish the extent of, 
and follow patients with ischemic colitis, such as in the next pa- 
tient, (slide) who developed diarrhea three days after an abdominal 
aneurysmectomy. I think you can see the classical thumbprinting 
which is associated with ischemic colitis. (Slide) But colonoscopic 
appearance, although frightening—and I believe you can appre- 
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ciate the dark color of the mucosa, and the shaggy exudate that 
appears on. the bowel which is ischemic—although the appear- 
ance is frightening, it permits accurate and continuing observa- 
tion of the lesion as it cleared, as it did in this case. 

This instrument can also be used in the same manner to follow 
other types of colitides; and, parenthetically, I might mention it 
can be used also to look at iud decompress toxic megacolon. 

. Finally, it is an excellent means of providing controlled detor- 
sion of sigmoid volvulus. In this slide you can begin to see the 
twist in the colon as you come up onto it with the colonoscope. 
Thus, the detorsion can be accomplished under direct vision, with 
appropriate protection of the operator, and permit elective ab- 
dominal operation, if necessary. _ 

(Slide) This is right at the point of the torsion, and I believe 
you can see sóme of the hemorrhage that is occurring. 

I think the colonoscope is an excellent instrument which will 
find many more uses. I would agree wholeheartedly that it should 
be done by surgeons. mM | 


Dn. Jonn L. FAnniNGER, Jr. (Nashville): I rise simply to sub- 
stantiate the fact that surgeons with a small private practice can 
learn to use this scope, and use it effectively. 

— During the past eight months, my partner, Mr. David R. Pickens, 
and I have removed with the flexible fibro-optic colonoscope polyps 
from ten ep pet total of 15 polyps—and have examined ap- 
proximately 60 other patients in whom a suspicious lesión was 
seen on barium examination. There have been no complications. 
There has been a inaximum period of hospitalization of 48 hours. 

I would like to emphasize that the preparation of the colon is 
very important. Unless the colon is well cleaned, you are wasting 
your time and the patient's time trying to operate through the 
fibro-optic scope. We have the patient start preparation outside 
thé hospital, so as not to prolong the period of hospitalization. 

-I would caution you that, in thé hands of those who have not 
done several hundred of these; the removal of a polyp through 
the fibrq-optic scope is not the short procedure that the removal 
of a polyp is through the rigid sigmoidoscope. The 30-minute time 
was certainly excellent time that was reported from this podium. 

We schedule the polypectomy as wé would a laparotomy, 
colotomy, and polypectomy. It has seemed to us that when it is 
easy to pass the' scope, it's easy to pass the scope; when one en- 


«counters difficulty, one must sometimes abandon this approach. 


We have found it not feasible to turn the care of this equi 
ment over to the regular operating room personnel. It is Eu, 
delicate equipment, and repairs are very costly, so we have a 
special person who cares for our equipment. We feel that the 
reduction in discomfort, morbidity, lost time from work, as’ well 
as a marked reduction in hospital costs, will make the accomplish- 
ment of this operation most gratifying to both the patient and 
the surgeon, and we too feel that it is an operative procedure that 
should be done by surgeons, and not by internists or endoscopists. 


Dr. R. Scorr Jones (Durham): We have been interested in 
the colonoscopic removal of polyps for a while, having accom- 
plished 37 successful.polypectomies in 35 patients. | 

We generally admit the patients to the hospital and require 
that they be there at least overnight for observation. To compare 
the duration of hospitalization and cost, we recently reviewed 
the most recent consecutive’ 15 patients that underwent conven- 
tional colotomy and polypectomy for whom financial records were 
available, and compared them with 15. consecutive patients having 
polypectomies through tlie colonoscope. We found that the aver- 
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age hospital stay with the operative procedure was 12.2 days 
and the cost was $1547. With the colonoscopic polypectomy, the 
average stay was 2.7 days, at a cost of $490. 

The other question that one should ask, I think, about colono- 
scopic polypectomy is the effectiveness of removal of tissue. In 
review of our material, we have been impressed that we have been 
able to remove completely the neoplastic tissue, but this is one 
concern that we have, particularly in the removal of sessile polyps. 
Generally, we have avoided attempting to snare sessile polyps, 
particularly large ones, for fear that they have an increased risk 
of being carcinoma, and we would prefer to treat those by con- 
ventional means. We recently, however, did ensnare a polyp that 
was reported as a well-differentiated adenocarcinoma, and the 


patient subsequently underwent appropriate surgical removal. ` 


Examination of the specimen revealed the site of the polypec- 
tomy, but there was no evidence of tumor. ` 

We think that colónoscopic removal of polyps is a safe and 
effective procedure, when eniployed judiciously. | 


Dn. Georce D. ZumeMa (Baltimore): We too have been very 
impressed by the new opportunities offered by colonoscopy, and 
one óf the interesting features of Dr. Polk's presentation was his 
pointing out the high incidence of in situ lesions in very small 
polyps. I point out that these polyps of 1 and 1% cm, and par- 


'ticularly.sessile polyps, may be very difficult to find on barium 


enema, and after a positive biopsy of a sessile polyp by the 
colonoscope, you may: have some problem in identifying the site 
of the lesion later at operation. | 

I rise only to point out that we have had experience with two 
such lesions within the past year, and have adopted the relatively 
simple expedient of placing the colonoscope adjacent to the site 
of the lesion, taking an x-ray, and using this as our guide in the 
operating room for identifying the proper portion of the bowel 
to be removed. E 


Dn. Cart O. Knutson (Closing discussion): The fact that the 
four discussants all agree with the ‘concept presented is a very 
favorable sign for the endoscopic removal of colonic polyps. 

I would like to emphasize several points which have been men- 
tioned. I firmly believe that the endoscopic removal of colonic 
polyps is a surgeon’s procedure. I concur completely with. the 
necessity of gaining sufficient experience with handling the colono- 
scope-as a diagnostic instrument, prior to initiating a polypectomy 
program. An adequate colon prep is essential for a safe, successful 
procedure and we'are currently using a three-day mechanical prep, 
similar to the mechanical prep we use for major colonic surgery. 

Surgeons are Bcc ed to visualizing the colon through the 
proctosigmoidoscope which provides a very limited field of vision, 
a significant distance between the eye and the objective field, and 
an interposed, glistening, reflective tube which, at best, is far 
from ideal. I would like to dispel the belief that there is any 
similarity between the view of the colon as seen through the 
proctosigmoidoscope and that which is seen through the colono- 
scope. Many: of these procedures can be performed as outpatient 
procedures; they require no general anesthesia and, obviously, will 
avoid the need for many laparotomies.  — | 

Currently, the morbidity associated with colonoscopic polypec- 
tomy is very low. It is quite probable that as more surgeons acquire 
the skill, the morbidity rate will rise. However, I believe that it 
will level off at a rate which. is significantly less than that asso- 
ciated with laparotomy and colotomy, and it will always maintain 
the additional advantages which havé been previously mentioned. 


D 


Small Intestinal Atresia: 


The Critical Role of a Functioning Anastomosis 


A review of 34 patients with small intestinal atresia treated 
at the North Carolina Memorial Hospital 1952-1973, dem- 
onstrates this anomaly to be associated with a significant 
mortality. Six of eight anastomotic complications occurring 
in the 34 patients were lethal. While factors leading to 
mortality are multivariate, e.g., prematurity, sepsis, cardio- 
respiratory failure and’ malabsorption, with the ability to 
maintain nutrition and with other remedial anomalies, the 
construction of a properly functioning anastomosis may be 
the most critical factor in the survival of the patient. 

An end-to-end anastomosis with conservation of absorptive 
surface for jejuno-ileal atresia is preferable and is facilitated 
particularly in the proximal jejunum by a graduated type of 
jejunoplasty. Duodenal atresia, because of the short segment 
involved and proximity of bile and pancreatic ducts does 
not lend itself to comparable reconstructive procedures. How- 
ever, recognition of the delay in function that may result from 
anastomosis of a dilated to diminutive segment of bowel per- 
mits the immediate initiation of measures to maintain nutri- 
tion either via a transanastomotic feeding catheter, or par- 
enteral alimentation. 


A DVANCES IN THE CARE of the neonatal surgical pa- 
A tient have resulted froni a better understanding of 
the metabolic peculiarities of the infant, an improve- 
ment in ability to control infection, superior anesthetic 
techniques and. maintenance of nutrition. Meticulous at- 
tention to deail—pre, intra and postoperatively—under- 
lies all these aspects of management and plays an im- 
portant factor in improved suvivorship. The ability to 
sustain nutrition in an infant with a life-threatening 
anomaly has made even more critical the methods of 
correcting such an anomaly. This has become increas- 
ingly apparent in small intestinal atresia, a malformation 
that occurs approximately once in 20,000 live births and 
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remains the leading cause of intestinal obstruction in the 
newborn. Although the mortality rate has been strik- 
ingly reduced from the 91% reported in a review pf 1498 
patients by Evans? in 1951, it is still significant. The 
surgical Section of the American Academy of Pediatrics 
reported the following survival rates during 1957 to 1966: 
duodenal atresia or stenosis, 68%; jejunal atresia, 58.6%; 
and ileal atresia, 75.3% (4,6). More recently Santulli e 
al,? Nixon. ét al.6 and White et al?* gave overall sur- 
vivorships in small intestinal atresia of 54%, 61% and 80% 
respectively. Despite the obvious essentiality of restoring 
intestinal continuity, there is no unanimity as to the opti- 
mum method of intestinal reconstruction. In the 461 
procedures reported from the Surgical Section, six dif- 
ferent types of anastomotic procedures were used: end- 
to-end anastomosis, 217; end-to-side anastomosis, 45; side- 
to-side anastomosis, 97; Mikulicz, 66; Bishop-Koop, 18; 
Santulli, 18.4° Similarly, there was rio consensus as to 
the advisability of resecting the dilated proximal segment. 
Resection of this segment was carried out in two-thirds 
of these patients. Such a variety of procedures suggests 
dissatisfaction with any one approach and that the 
ability to construct a functioning anastomosis continues 
to play a prominent and critical role in the morbidity 
and mortality of these patients. 

The purpose of this paper is to review our experience 
with 34 neonates who underwent surgical correction of 
small intestinal atresia at the North Caxolina Memorial 
Hospital from 1952 through 1973. Emphasis will be 
placed upon factors contributing to morbidity and mor- 
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tality with particular attention being paid to optimum 
methods of restoring intestinal continuity. 


Etiologic Considerations 


The etiology of small intestinal atresia varies with its 
site of origin. Tandler in 1900, while investigating the 
embryology of the duodenum, postulated intestinal 
atresia to result from failure of recanalization of the in- 
testinal lumen following obliteration during the stage of 
epithelial proliferation?? This phase of proliferation and 
recanalization occurs prior to the eleventh week of intra- 
uterine life. Failure of recanalization seems the best ex- 
planation for localized duodenal atresia or stenosis. In 
jejuno-ileal atresia, however, bile, squamous cells and 
languo, all of which are produced after the stage of epi- 
thelial proliferation, may be found distal to the site of 
obstruction. Furthermore, the segmental absence of the 
jejuno-ileal mesentery cannot be accounted for on the 
basis of a failure of recanalization. A more plausible ex- 
planation is that jejunoileal atresia is a consequence of an 
. intra-uterine mesenteric vascular accident secondary to 

volvulus, incarceration in a prenatal umbilical hernia, or 
intussusception. Louw and Barnard?®-11 experimentally 
produced the entire spectrum of neonatal intestinal ob- 
struction, ranging from stenosis, diaphragmatic webs, 
atretic bands to complete segmental absence of intestine 
and mesentery. They accomplished this dramatic repro- 
duction by ligating the mesenteric vasculature of fetal 
puppies. The resulting severity of the intestinal atresia 
«was greater the more proximal the mesenteric vascular 
compromise. Similar observations have been made by 
Abrams. It is concluded that duodenal atresia and 
jejuno-ileal atresia represent entities of differing etiolo- 
gies. Each, however, is manifest by dilation and muscular 
hypertrophy of the proximal obstructed segment. The ex- 
tent of these changes depends upon the time of develop- 
ment of the obstruction as well as the site of involvement. 
Characteristically, atresia of the duodenum and proxi- 
mal jejunum are associated with more massive dilatation 
than when the obstruction involves the distal jejunum or 
ileum. These conceptual differences in etiology influence 
therapy since vascular injury may be associated with loss 
of bowel length, foreshortening of the mesentery and mul- 
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tiple sites of involvement; all of which are important 
considerations in surgical management. 


Clinical Presentation and Management 


Thirty- four infants were identified as having intestinal 
obstruction produced by small intestinal atresia. The sites 
of obstruction are shown in Table 1. Jejunal atresia oc- 
curred in 16 of the 34 patients (472). Eight of the pa- 
tients (23.5%) exhibited duodenal atresia while ileal ob- 
struction was present in seven (20%) and jejunal webs 
were present in three (9%). This relative incidence is 
consistent with the experience of others.*.9.1? 

The clinical presentation of intestinal atresia is de- 
pendent upon the site of obstruction. Intestinal obstruc- 
tion was heralded by bilious vomiting, failure to pass 
meconium, and abdominal distension. These signs 
usually occurred within 24 hours after birth. Abdominal 
roentgenograms demonstrated air containing dilated 
proximal small bowel. Patients with duodenal atresia 
were characterized by prematurity, (mean birth weight, 
1662 gm), and a higher incidence of associated con- 
genital anomalies. The relative maturity of patients with 
jejuno-ileal atresia as compared to those with duodenal 
atresia is indicated by a mean birth weight of 2312 gm 
for the patients with jejunal atresia and 3052 gm for 
those with ileal atresia. Lower intestinal atresia may not 
exhibit signs of obstruction until after 24 hours. A lesion 
at this site needs to be differentiated from the functional 
obstruction of Hirschsprung’s Disease or meconium ileus 
by contrast studies of the colon which will usually show 
in both atresia and meconium ileus an unused or “micro” 
colon. Polyhydramnios (amniotic fluid > 2500 ml) oc- 
curs in 25 to 30% of mothers of neonates with proximal 
intestinal atresia. This finding is not specific, however, 
since other factors such as renal tubular and pituitary 
function also play a role in the homeostatic mechanisms 
maintaining an amniotic fluid volume of approximately 
one liter. Prematurity is also a characteristic of neonates 
with proximal intestinal atresia with 21 of these 34 pa- 
tients having a birth weight of less than 2500 gm. This 
in turn may be related to the high incidence of hy- 
dramnios and early membrane rupture. 

Surgical reconstructive procedures consisted of side- 


TABLE 1. Sites of Obstruction, Birth Weights and Deaths in 34 Infants with Intestinal Atresia 
Patients Birth Weights Mortality 
Type No. Grams Mean Deaths (Per cent) 
Duodenal Atresia 8 970-2278 1662 5 62 
Jejunal Atresia 16 1375-3790 2312 7 43 
Jejunal Webs 3 1365-2274 1819 0 0 
Ileal Atresia 7 2500-3912 3052 2 29 
Total 34 14 41 
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TABLE 2. Causes of Death Following Operative Procedures for 


Congenital Small Intestinal Atresia 


Number 
Causes of Patients Contributing Factors 
Sepsis 3 Gastric perforation (2), 
staphylococcal septicemia 
Malabsorption 2 Duodenocolostomy, jejuno- 
colostomy 
Anastomotic 6 S-S Duodenojejunostomy—mal- 
Complications function, 
S-S Jejunojejunostomy— 
dehiscence, 


S-S Jejunojejunostomy—mal- 
function—reresection (2), 

E-S Ileocolostomy—malfunction— 
ileocolitis, 

E-E Jejunocolostomy—necrosis at 
anastomosis 

Intraoperative cardiac arrests 
Progessive apneic episodes 


Pneumonia l Repair of tracheo-esophageal fistula 


to-side,!?  end-to-side,* -or end-to-end anastomoses!® 
(Table 3). Seven patients with duodenal atresia under- 
went anastomosis of the dilated end of the duodenum to 
the subjacent duodenum or proximal jejunum and these 
were considered functionally as “side-to-side” in construc- 
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tion. Side-to-side anastomoses for jejuno-ileal atresia were 
utilized early in our experience and have not been em- 
ployed in the past 10 years. End-to-side anastomoses were 
usually fashioned in an “end-to-back” manner. End-to- 
end anastomoses were either direct or as facilitated by a 
jejunoplasty (Fig. 1). Reconstruction utilizing the meth- 
ods described by Mikulicz, Bishop-Koop or Santulli were 
not employed. In view of the incidence of multiple sites 
of obstruction, patency of the distal bowel was demon- 
strated by inserting a small intraluminal catheter and 
slowly instilling 0.9% saline. Jejunal webs were corrected 
by a transverse incision immediately proximal to the web. 
By means of an incision distally to form a "T", the web 
was excised and the "T" site of enterotomy closed in a 
transverse manner. All excised segments of bowel were ex- 
amined for presence of ganglion cells. In the majority 
of patients a temporary gastrostomy was fashioned for 
postoperative decompression?! and in a few patients with 
proximal anastomoses, a transanastomotic feeding cath- 
eter was placed parallel to the gastrostomy tube. 


Pathophysiologic Considerations 


There is consensus that malfunction is likely to result 
after performing an end-to-end or end-to-side anastomo- 


TABLE 3. Sites and Results of Reconstructive Anastomoses for Intestinal Atresia 
Malfunction 
No. Anastomoses Anatomic or (Stenosis, 
Type of Permitting Dehiscence Functional Blind loop, 
Anastomosis and No. Evaluation or Necrosis Obstruction Delay) Functional 
Side-to-Side 
Duodenal Atresia 7 4 0 1§ 0 2 
Jejunal Atresia 4 4 1§ 28 It 0 
Heal Atresia 1 1 0 0 1 
12 9 i 3 1 3 
End-to-Side 
Jejunal Atresia 1 0 0 0 0 0 
Ileal Atresia 3 3 0 1§ 0 2 
4 3 Q 1 0 2 
End-to-End 
Jejunal Atresia 6 6 G 0 0 6 
Heal Atresia 2 2 G 0 0 2 
8 8 C 0 0 8 
End-to-End with 
Jejunoplastyt 
Jejunal Atresia 6 6 0 i 5 
Ileal Atresia 1 1 1§ 0 0 0 
7 7 1 0 1 5 
Summary 
End-to-End 15 15 1 0 1 13 
End-to-Side 4 3 0 1 0 2 
Side-to-Side 12 9 1 3 i 3 
31 27 2 4 2 18 
* Blind Pouch Syndrome. 
+ Stenosis. 


1 One patient with jejunoplasty represents reoperation for an obstructed side-to-side anastomosis. 


§ Cause of death. 
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Fic. 1. Technique of aai and end-lo-end anastomosis for 
proximal jejunal atresia. 


sis between a dilated proximal segment and a more 
diminutive distal segment, This obstruction occurs de- 
spite anatomic patency of the stoma and seems to be 
related to a lack of normal peristaltic mechanisms. In 
man intraluminal contents are propelled in an aboral di- 
rection as a result of pressure gradients secondary to 
rhythmic segmental contractions. Muscular contraction 


= of the intestinal tract is highly dependent upon stretch 


receptors located within the mucosa, the intrinsic nerve 
supply, smooth muscle of the intestine and enterochro- 
maffin cells. Distention or increased intraluminal pres- 
sure not only stimulates the stretch receptors, thereby 
initiating the peristaltic reflex, but also causes serotonin 
to be released by the enterochromaffin cells, thereby 
sensitizing the stretch receptors to respond at lower in- 
traluminal pressures. The decrease in intraluminal pres- 
sure of the proximal segment consequent to operative 
decompression and anastomosis may result in an atonic 
and non-propulsive segmient of gut. The loss of efficient 
propulsion in such a dilated segment has been nicely 
documented by Nixon,!* who by means of a gut pump 
demonstrated the peristaltic activity of a dilated seg- 
ment of the small bowel to be relatively inefficient ex- 
cept with high intraluminal pressures. Such concepts 
would seem to provide a better explanation of a malfunc- 
tioning anastomosis seen in these circumstances than that 
of postoperative ileus, the diminutive size of the small 
bowel, plugging of the anastomosis, adhesions, or kinking 
at the anastomotic site. Nixon’s recommendation for resec- 
tion of the dilated segment overcomes this problem in 
part. It can usually be accomplished with atresia of the 
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distal jejunum or ileum. However, in proximal jejunal 
atresia the dilated segment commonly extends beyond the 
ligament of Treitz to the pylorus. Resection to correct the 
discrepancy in the calibre of the bowel may be anatomi- 
cally impossible or result in too great a reduction of the 
absorptive surface of a foreshortened small bowel. These 
technical and physiological constraints on resection of 
the dilated jejunal segments prompted the design of a 
jejunoplasty to permit reconstruction utilizing a gradu- 
ated reduction of the dilated jejunal segment”? (Fig. 1). 
This technique: (a) facilitates an end-to-end anastomosis 
between disproportionate segments of the bowel; (b) 
conserves absorptive surfaces and (c) reduces intralumi- 
nal diameter, enhancing earlier return of effective peri- 
stalsis. All anastomoses are constructed with a single 
layer of interrupted silk sutures of 5-0 or 6-0 silk. De- 
pending upon the size of the distal segment, and end-to- 
end or end-to-oblique anastomosis is constructed, usu- 
ally sectioning the distal bowel at an angle of 45°. The 
anastomosis may be constructed over a small trans- 
anastomotic silastic catheter placed alongside a temporary 
gastrostomy tube. This feeding tube permits maintenance 
of nutrition while gastrostomy insures proximal decom- 
pression until the proximal bowel is functional. In those 
circumstances in which bowel length is adequate and the 
obstruction is more distal, the dilated segment may be 
excised as recommended by Nixon and a direct end-to- 
end anastomosis established. 

In view of the limited clinical experience and lack of 
opportunity for controlled observations, experimental 
studies were carried out in rats, utilizing a model of in- 
testinal atresia.® Self-filling intestinal cul-de-sacs were 
found to simulate the dilatation and hypertrophy of 
the bowel proximal to an atretic segment in the new- 
born. Various types of reconstructive procedures (side-to- 
side, end-to-side and jejunoplasty with end-to-end anasto- 
moses) were compared. The jejunoplasty and end-to-end 
anastomosis appeared to be superior in that stasis was less 
pronounced in this group and the weight gain of these 
animals was greater than in the animals having side-to- 
side and end-to-side anastomoses. These findings were 
also consistent with those of Nygaard, who studied the 
intestinal flora of rats with different types of anastomses.!* 
There was increaséd flora in all but straight end-to-end 
junctions. He emphasized that interruption of the circular 
muscle of the intestine led to some degree of stasis and 
therefore a change in bacterial flora. 


Results 


There were five deaths among the eight patients with 
duodenal atresia (Tables 1, 2). One death was due to a 
widely patent, but malfunctioning duodenojejunostomy, 
a second to peritonitis due to antecedent gastric perfora- 
tion, a third associated with a postoperative cardiac 
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arrest in a 1700 gm patient with a cardiac anomaly ( com- 
mon atrium), a fourth associated with apnea and im- 
maturity in a 970 gm female, and the fifth due to a gas- 
tric perforation following repair of a tracheoesophageal 
fistula and an unrecognized duodenal web. Three patients 
survived, a duodenoduodenostomy being performed in 
one and a duodenojejunostomy in two. Five, eight and 
thirty days were required for these anastomoses to func- 
tion. The propensity for malfunction in this type of re- 
construction in which there is an anastomosis of a proxi- 
mal dilated segment to a more diminutive segment is 
well illustrated in the delayed function in two patients 
and the complete functional obstruction in one resulting 
in death (c. 1965). The current practice of maintaining 
nutrition by parenteral alimentation or transanastomotic 
-feeding should minimize this particular problem in the 
future. 

In the 26 patients with jejuno-ileal obstruction, there 
were nine deaths (Tables 1, 2). Five of these were di- 
rectly attributable to anastomotic complications. Two 
deaths were associated with obstruction accompanying 
a side-to-side anastomosis requiring reoperation and 
end-to-end reconstruction in patients already at a mar- 
ginal nutritional status because of their initial problem. 
One of these patients expired in the immediate postopera- 
tive period and the second from malabsorption. Two 
deaths were associated with dehiscence or necrosis at the 
site of anastomosis and peritonitis. One of these patients 
had gangrenous bowel and peritonitis at the time of his 
initial operation. One death was secondary to entero- 
colitis and peritonitis after an apparent satisfactory, but 
malfunctioning end-to-side ileo-colostomy. Of the re- 
_ maining four deaths, one was due to pneumonia in a 
patient with an associated tracheoesophageal fistula, one 
due to massive staphylococcal sepsis at 48 hours post- 
operatively, and two were related to malabsorption fol- 
lowing extensive excision of the mid gut at the initial 
operative procedure. One of the latter required a duo- 
denocolostomy. The patients who expired from malab- 
sorption did so prior to the present methods of main- 
taining nutrition and one of these may have survived had 
parenteral alimentation and/or elemental diets been 
available. 

In this series the overall survivorship was 59% which 
is comparable to the reports from the Surgical Section 
of the American Academy of Pediatrics for the 10-year 
period 1957 through 1966. Table 2 categorizes the causes 
of the 14 deaths in this group of patients. Sepsis was the 
leading cause in three patients with peritonitis as a re- 


"v^ sult of intestinal perforation being an antecedent event 


in two of these. Two patients died of malabsorption. Two 
deaths were related to cardiorespiratory complications. 
Pneumonia was the cause of death in one patient follow- 
ing repair of an associated tracheo-esophageal fistula. 
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Anastomotic complications were the cause of six (44%) 
of the 14 deaths. 

The higher mortality associated with prematurity, low 
birth weight and associated anomalies is documented in 
this study. Low birth weight (less than 2500 gm) was 
present in 20 patients (60%) and 12 of these patients ex- 
pired. Associated significant congenital anomalies were 
present in 10 patients with seven deaths. Six of these 
seven patients were also premature. 

These findings in general correspond with Nixon's rat- 
ing of risk, namely the highest in those patients weighing 
less than 1800 gm or with another anomaly endangering 
life, next in those between 1800 and 2500 gm and an- 
other moderate anomaly and the least in patients 
weighing more than 2500 gm with no other significant 
anomaly.!$ 

Two patients illustrate some of the complexities that 
are associated with these atresias and demonstrate the 
role of vascular occlusion in the development of in- 
testinal atresia. 


Case Reports 


No. 1. An 1824 gm black male was the product of an uncom- 
plicated 30-week gestation and normal delivery. At 24 hours of 
age, he experienced several episodes of bilious vomiting. There 
had been no passage of meconium. Upon admission to North 
Carolina Memorial Hospital at 40 hours of age, examination 
revealed a dehydrated premature infant male. The abdomen was 
distended and tympanitic. No abdominal masses were palpable. 
Rectal examination showed the absence of meconium. Abdominal 
roentgenograms demonstrated a “triple bubble” air shadow. The 
preoperative impression was small intestinal obstruction produced 
by proximal jejunal atresia. 

Following rehydration, celiotomy disclosed a markedly dis- 
tended proximal segment of jejunum that ended abruptly 5.0 cm 
distal to the ligament of Treitz. The remaining 20-25 cm of small 
intestine was coiled, as an “apple peel,” around a narrow mesen- 
tery attached at the ileocecal junction. This portion of small in- 
testine derived its blood supply from the ileocolic artery (Fig. 2). 
No other intra-abdominal anomalies were demonstrated. A decom- 
pressive gastrostomy, a jejunoplasty and an end-to-end jejunoje- 
junostomy were utilized in reconstituting intestinal continuity. 

Postoperatively, intravenous hyperalimentation was utilized to 
maintain nutrition. Frequent episodes of vomiting persisted. Gas- 


Fic. 2. “Apple peel” deformity 
in intestinal atresia. 





668 THOMAS, JR 
trointestinal contrast studies showed distension of the duodenum, 
but patency of the anastomosis. Because of continued partial ob- 
struction, reoperation was carried out at six weeks of age disclos- 
ing a stenotic anastomosis. This was revised by an end-to-end 
jejunojejunostomy. Thereafter, the patient progressed well and was 
discharged at 10 weeks of age, weighing 2,520 gm. Followup 
examination at six months showed the patient to be developing 
satisfactorily. 

The anatomical findings in this patient are characteristic of the 
“Christmas tree” or “apple peel” deformity. This patient repre- 
sents the twentieth case report of such a deformity. In previous 
patients with this anomaly, the etiology has been demonstrated 
to be secondary to occlusion of the superior mesenteric artery 
immediately distal to the first few jejunal branches.?.5.17,?3 

No. 2. A two-day-old 2270 gm Caucasian female was admitted 
to the North Carolina Memorial Hospital with a history of vomit- 
ing following all feedings of dextrose and water. She had not 
passed a meconium stool. The mother had polyhydramnios. Ex- 
amination revealed a moderately dehydrated infant weighing 1915 
gm. The abdomen was not distended and rectal examination 
showed the absence of meconium. Abdominal roentgenograms re- 
vealed complete obstruction of the proximal small intestine. 

Celiotomy disclosed a markedly dilated proximal jejunum that 
ended blindly with attachment of multiple atretic “sausage-like” 
: segments of small intestine by cord-like remnants of mesentery. 
Complete absence of a segment of small intestine and mesentery 
was also present (Fig. 3). A tapering jejunoplasty of the dilated 
proximal segment of jejunum, resection of the multiple atretic 
segments and an end-to-end jejunojejunostomy was performed. 
The infant's postoperative course was uneventful. Following dis- 
charge from the hospital, she progressed well and normal growth 
and development were noted on subsequent examinations. 


Discussion 


Multivariate factors contribute to the morbidity and 


“mortality in patients with intestinal atresia. Prematurity, 


associated congenital anomalies, delay in diagnosis, inter- 
current infection, and malfunctioning anastomoses are 
most prominent and frequently interrelated. 

Anastomotic complications deserve a special point of 
emphasis since construction of the anastomosis is the 
one factor over which the surgeon has the most control. 
Six deaths were attributed directly to anastomotic fail- 
ure (Table 2). In addition, one patient with an end-to- 
side jejunostomy developed a massive blind pouch re- 
quiring resection and an end-to-anastomosis. There was 
one instance of stenosis at the site of a jejunoplasty and 
end-to-end jejunojejunostomy. 

The type. of anastomosis performed was a factor in the 
incidence of anastomotic complications (Table 3). A 


Fic. 3, Multiple atresias in pa- 
tient with proximal jejunal 
atresia. 
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side-to-side or end-to-side anastomosis was associated 
with the highest incidence of malfunction. Five anasto- 
motic complications developed in the nine patients hav- 
ing side-to-side anastomoses that could be evaluated 
(one with functional obstruction causing death, two with 
obstruction requiring revision of anastomoses with death, 
one with dehiscence and one with a blind pouch). One 
complication occurred in the three patients having an 
end-to-side anastomosis (malfunction-ileocolitis ).° Two 
complications (one stenosis, and one dehiscence) devel- 
oped in 15 patients having end-to-end anastomoses. 

The functional status of the anastomosis was evaluated 
in those patients whose duration of survival permitted 
such an appraisal (Table 3). In 15 end-to-end anastomo- 
ses, there was one instance of necrosis (considered a 
technical error) and one of stenosis requiring revision. 
Seven of these 15 patients with proximal jejunal atresia 
required an associated jejunoplasty. Of four patients 
undergoing an end-to-side anastomosis, three could be 
evaluated, with two anastomoses being patent. One had 
a functional obstruction with associated ileo-colitis. Of 
12 side-to-side anastomoses, nine could be evaluated; 
only three were completely satisfactory. 

Evans? in his report in 1951, cited the major causes of 
death in unsuccessfully treated patients as: (a) nutri- 
tional disturbances plus dehydration shock and (b) either 
localized peritonitis which interfered with anastomotic 
function, or generalized peritonitis. Both of the latter 
were considered due to gross contamination or leakage 
at the site of the anastomosis. The overall survival was 
9%. Non-functioning anastomoses contributed significantly 
to the cause of death in these patients. That this con- 
tinues to be a factor in morbidity and mortality is well 
documented in the current literature. In 1961 Santulli 
and Blanck!? cited a mortality of 80% prior to 1948, and 
an overall mortality of 62% for atresia of colon and small 
bowel. There was a 21% mortality during the two years 
prior to the report. Anesthetic and operative shock ac- 
counted for most of the early postoperative deaths, and 
malfunction of the anastomosis was directly or indirectly 
responsible for late deaths. Entities such as dehydration, 
electrolyte imbalance, aspiration of vomitus, peritonitis, 
infection, malnutrition and post-operative adhesions were 
in many instances related to the lack of a functioning 
anastomosis. These authors favored a side-to-end anasto- 
mosis with an associated proximal end type enterostomy. 
A catheter was threaded through the anastomosis into 
the distal bowel and a delayed closure of the enterostomy 
performed later. In the compilation of 587 patients from 
the review by the Surgical Section of the American 
Academy of Pediatrics,*? the most common cause of 
death (overall mortality 43.12) was infection due to 
pneumonia, peritonitis or sepsis. An anastomotic compli- 
cation was the second most frequent cause of death, 
being responsible for 24%. Functional obstruction at the 
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site of anastomosis was the most common primary cause 
of death in infants with jejunal atresia and the third most 
frequent cause in ileal atresia. It was apparent from 
this survey that functional obstruction still presented a 
problem even when a significant portion of the hyper- 
trophied dilated bowel was resected. 

Nixon and Tawes," in reporting their experience with 
67 good risk patients, emphasized the higher mortality 
(402) associated with proximal jejunal obstruction as 
compared to 18% mortality with mid-intestinal lesions and 
0% in the terminal ileum. The 37 poor risk patients had 
an overall mortality of 68%. The commonest primary 
cause of death was anastomotic leak or dysfunction. 
Again, functional obstruction was a prominent cause of 
mortality, but was almost always confined to the poor 

isk group. Nixon’s experimental and clinical observa- 
tions favored elective resection of the dilated bowel on 
the basis of the increased diameter relative to the dilata- 
tion and muscular hypertrophy resulting in ineffective 
peristalsis at the lower pressures existant after operation. 
Santulli's more recent experience (1970) has been unique 
in that “anastomotic obstruction and leakage . ... have not 
been a problem in the past decade due to more adequate 
resection of the blind ends and to utilization of the proxi- 
mal chimney." The major complications leading to death 
were respiratory problems and sepsis.!? 

Superior results have recently been reported from the 
Johns Hopkins Hospital?* There was an adjusted sur- 
vival rate of 90% in 13 patients with duodenal atresia and 
77% survivorship in 25 patients with jejunoileal atresia, 
for an overall survivorship of 80%. Causes of death were 
septicemia (3); overtransfusion (1); and intestinal ob- 
struction (3). Of the latter three, one was due to a side- 
to-side anastomosis, one to an unrecognized malrotation 
with volvulus and the third due to duodenal bands. 'The 
authors emphasized meticulous operative and postopera- 
tive care as well as a preference for an end-to-end anasto- 
mosis for jejuno-ileal atresia. 

During the past two decades, as sepsis and other com- 
plicating factors have been better controlled, the role 
of the anastomosis has become increasingly critical. In pa- 
tients with duodenal atresia there seems little alternative 
to some type of lateral anastomosis between the dilated 
duodenum and the adjacent duodenum or jejunum. 
Jejuno-ileal atresia, however, presents more alternatives. 
The current approach to intestinal reconstruction in 
jejuno-ileal atresia has been evolutionary. Evans, in cull- 
ing 149 successful cases in 1951 from the surgical litera- 
ture, observed that the majority of patients underwent a 


"Y side-to-side or lateral anastomosis. Only five patients 


could be identified who had resection and a direct end- 
to-end anastomosis. Santulli and Blanck/? as well as 
Bishop and Koop* advised a venting enterostomy with 
delayed closure of the vent because of problems with an 
immediate anastomosis. Nixon’s contribution was sig- 
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nificant indicating the insufficiency of peristalsis in the 
dilated segment.* Since that time, the trend has been 
for the immediate establishment of an end-to-end or 
end-to-oblique anastomosis ?:19.15,24 

The superiority of an end-to-end anastomosis in small 
intestinal atresia has been suggested by others and seems 
confirmed by this experience. This is more readily 
achieved the more distal the obstruction in the gastro- 
intestinal tract. An end-to-end anastomosis can be con- 
structed in low ileal atresia with resection of the distal 
segment being associated with less disparity between the 
ends of the bowel and with the proximal segment re- 
taining effective peristalsis. With proximal jejunal atresia 
or with multiple atretic segments a direct end-to-end 
anastomosis cannot always be achieved either because 
of the extent of the proximal dilatation or because ex- 
cision of the dilated bowel would compromise the amount 
of absorptive surface resulting in malabsorption. Even an 
“end-to-back” anastomosis as proposed by Nixon under 
these circumstances may be associated with functional 
obstruction as well as a blind pouch or diverticulum for- 
mation.? It is in this latter group of patients that a je- 
junoplasty and end-to-end anastomosis would seem par- 
ticularly applicable. The resulting smaller calibre of the 
bowel seems to enhance or restore normal peristalic 
mechanisms resulting in earlier function of the anastomo- 
sis. This approach has been operative during the past 10 
years. There have been 15 survivors in 21 patients during 
the period whereas during the first 10 years of this report 
only 5 of 13 patients survived. Howard and Otherson re- 
cently confirmed our experience in reporting three pa- 
tients in whom jejunoplasty and end-to-end jejünoje- 
junostomy was carried out for proximal jejunal atresia. 
These anastomoses were functional within twelve days." 
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Discussion 


Dr. Ricuarp C. Maurer (Jackson): In our institution we have 
learned to respect a unit called the Neonatal Intensive Care Unit, 
and a pediatrician who is a full-time neonatologist. We believe that 
these people probably have contributed as much to the survival 
of surgical neonates in the last few years as the surgeons them- 
: selves,eand we rely heavily on them. This is particularly true in 
nd babies who have a very low birth weight, four pounds and 
under. 

In regard to the anastomotic problem, we would concur com- 
pletely that the end-to-end anastomosis is the one to do. The 
problem with the end-to-side anastomosis, is that the runoff is 
determined not by the size of the anastomosis, but by the size of 
the distal bowel and by the propulsive force through the proximal 
dilated segment. When you can resect the proximal dilated seg- 
ment back to normal-sized bowel, as is possible in the ileum or 
distal jejunum, the anastomosis then stands the best change of 
functioning. The real problem, as Dr. Thomas has pointed out, 
arises in the high jejunal atresia, where the proximal pouch is 
. very short at the ligament of Treitz, or just beyond it, and you 
can't get back to good bowel because you are right against the 
pancreas and the bile ducts. 


However, we would always prefer the end-to-end anastomosis, 


and would not even do the end-to-oblique or the end-to-backside, 
which is simply a compromise between the side-to-side and to 
end-to-end anastomosis. | 

It is our experience that we have always been able to do an 
end-to-end anastomosis, even when our surgical residents point 
out that we have a "toothpick-size" distal end and a " télephahie 
. pole size" proximal end. In this slide (slide) one can see the dis- 
parity of size between the small distal bowel and the very large 


caliber bowel proximally in this case,of high jejunal atresia. We 


have cut it back right almost up to the bile ducts, and a single 
layer anastomosis with interrupted 5.0 silk, with the knots on 
the inside is accomplished. 

(Slide) We'll just show you one more illustrative case. An 
end-to-end anastomosis is accomplished by apportioning the su- 
tures even when there is a discrepancy in proximal and distal 
end diameter of 5 to 1. 


Dr. Jory M. Carrer (Closing discussion): Dr. Miller, I ap- 
preciate your remarks, and the only comment I have is that 
perhaps you should have done a jejunoplasty in addition to the 
end-to-end anastomosis. You wouldn't have had the problem of 
anastomosing a telephone pole to a toothpick. It would have been 
much easier. 
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I should emphasize the critical point of this paper once again, 
and that is to provide a functioning anastomosis in this particular 


congenital anomaly. Without it, of course, the infant is going to 


have a lot of. complications. 

We should also point out that the improvement in the survival 
of these patients over the past ten years, as compared to the pre- 
vious ten years, in striking. During the past ten years we had 15 
of 21 patients survive, and this represents a 71% survival rate. 
During the previous ten years only five of thirteen patients sur- 
vived. This represented a 38% survival rate which was quite poor. 
We feel that by utilizing an end-to-end anastomosis our mor- 
tality and morbidity rates were greatly improved. 

I have two other points to make. The first is that during the 15 
end-to-end anastomoses we had one death as a result of necrosis 
and dehiscence of the anastomosis. The other problem we en- 
countered was that of an anastomotic stenosis. The following two _ 
slides show this problem. 

This complication occurred in a 1800 gram male infant pre- 
sented to us 24 hours after birth. He was of a 30 weeks’ gesta- 
tion. He exhibited bilious vomiting and abdominal distention. 
An abdominal roentgenogram m a triple-bubble sign. Our . 
preoperative impression was that of jejunal atresia. 

The interesting point about this patient is that he represents 
the 20th case report of an "Apple-peel or Christmas tree de- 
formity.”. This anomaly is represented by the short, coiled distal 
ileum, which measured approximately 20 to 25 cm in length. As 
you note, it derived its blood supply directly from the ileocolic 
artery. There is marked. foreshortening of the mesentery and 
marked shortening of the entire length of the bowel. Also there 
is a very dilated proximal portion of jejunum which measured 
approximately 5 to 10 cm in length. | 

We performed a tapering jejunoplasty and an end-to-end anas- 
tomosis, as described by Dr. Thomas. However, this patient had 
difficulties postoperatively. He failed to gain weight and. showed 
evidence of continued partial intestinal obstruction. At six weeks 
of age it was necessary to revise the end-to-end anastomosis. 

The next slide shows the operative findings of the marked coil- | 
ing of the distal ileum. We simply took the anastomosis down ^ 
and performed another end-to-end anastomosis. - Following this 
procedure, at 10 weeks of age; the child was discharged from 
the hospital weighing 2500 gm. At six months' followup, the 
child continued to gain weight and was in good health. 

In closing, I would recommend to you that we think the opti- 
mum method of attacking this problem is by an end-to-end anas- 
tomosis utilizing the tapering jejunoplasty. 





anti-em 


Thromboembolism, and its frequent seque- 
lae pulmonary embolism, continues to be a 
major problem for the active adult suddenly 
confined to bed. The legs are a primary 
generating area for thrombi. With relaxation 
of the leg muscles, and subsequent expan- 
sion of the venous system in the legs, stasis 
develops. The proper amount of graduated, 
circumferential compression causes the 
velocity of the blood flow to increase in the 
deep veins of the legs. This is important in 
the prophylaxis of thromboembolism. 
Kendall offers the highest quality in con- 
struction to assure correct compression. 
The T.E.D. stocking also comes in the most 





Contraindications: In patients with open ulcers, severe F 
arteriosclerosis and other ischemic vascular diseases, 
and massive leg edema with imminent pulmonary 
edema from congestive heart disease. Any signs of ir- 
ritation or redness of the skin should be carefully noted. 


Caution: Federal law restricts this device to sale by or 
use on the order of a physician. 
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ckings - 
complete line of sizes and styles—thigh 
length, knee length, both with inspection 
toe. Only with T.E.D. stockings can each 
patient be given optimum fit for safe, 
proper wear. 

Ask your Kendall salesman to explain 
proper measurement for correct sizing and 
application of the T.E.D. stocking. He also 
has reprints of articles on pulmonary em- 
bolism and an In-Service Program which 
gives the complete story of T.E.D. Anti- 
Embolism Stockings. 

Remember, T.E.D. is a registered trade- 
mark of the Kendall Company anti-embo- 
lism stockings and...Kendall Sets the Pace. 





THE KENDALL CO. Hospital Products Division 
309 W. Jackson Blvd. Chicago, Illinois 60606 


[O] ld like more information about TED stockings. 


[]l'd like copies of medical journal articles deal- 
ing with thromboembolic disease. 
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Decubitus Ulcers Debridement 


Curity® wet dressings provide sterile, moist heat 
therapy for many medical conditions. Each sterile 
dressing comes pre-moistened, in an individual 
foil package designed for aseptic opening and 
application. And Curity gives you a choice of water 
Or normal saline solution. 


a Better System of » 
Complete Wound Management 
This system incorporates what we call the 
"Functional Dressings Principles” into a 
comprehensive program of wound care. Your 
Kendall representative is eager to present this 
system to you through a highly informative audio- 
visual in-service program. Contact him today 
or write The Kendall Company, 309 W. 
Jackson Blvd., Chicago, Illinois 60606. 





Easy Aseptic Application 


The cumbersome procedure for preparing ster- 
ile wet dressings is eliminated. The Curity system 
saves time, facilitates sterile technique and pro- 
vides hot moist dressings from the heat lamp in 
just minutes. 





Evaluation of a Modified Duhamel Operation 
for Correction of Hirschsprung’s Disease 


JAMES L: TALBERT, M.D., F.A.C.S.,* JOHN H: SEASHORE, M.D.,t 


Twenty-one patients with Hirschsprung’s Disease have been 
treated definitively over the past five years with a modified 
Duhamel operation employing an anastomotic stapling in- 
strument for complete division of the colorectal spur. Use 
of this instrument has facilitated the operative procedure 
and has assured a reliable union between the colon and 
rectum. The long-term followup of this series of patients 
has verified the success of this modification of the Duhamel 
procedure for permanent correction of Hirschsprung’s Disease. 


VER THE PAST TWENTY YEARS the Swenson, the Soave, 
O and the Duhamel operations have been utilized 
widely for surgical correction of Hirschsprung’s Disease. 
Each of these procedures has individual merits and 
each has undergone some degree of modification since 
its original description. A major criticism of the Duhamel 
operation has been the lack of a reliable and easy method 
for achieving complete division of the spur created by 
the side-to-side anastomosis between the rectum and the 
colon which is brought posterior to it. In 1968, the use 
of a new anastomotic stapling instrument was proposed 
for this purpose. The present communication provides 
a long-term review of the results obtained with this 
technique and a description of subsequent modifications 
which have appeared to enhance the reliability of the 
procedure. 
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Previous Clinical Experience 


A review of the results in three patients treated for 
Hirschsprung's Disease at the University of Florida prior 
to adoption of the current operative technique illwstrates 
a frequent complication of the Duhamel operation as 
originally performed. As demonstrated by the postopera- 
tive barium enema study of one of these patients ( Fig. 1), 


incomplete division of the colorectal spur has often re-« -4 


sulted, encouraging formation of a fecaloma in the re- 
dundant rectal pouch and producing partial intestinal 
obstruction by extrinsic compression of the posterior 
segment of colon. In all three cases performed prior to 
1968, this complication eventually demanded reexplora- 
tion and amputation of the redundant pouch with direct 
anastomosis of the proximal rectum to the adjacent wall 
of the posterior segment of colon. All three patients have 
subsequently developed normal bowel function with no 
evidence of fecal retention or soiling. 


Current Clinical Experience 


Based on experiences similar to those described above, 
a modification of the Duhamel operation was described 
for correction of Hirschsprung's Disease! using an anasto- 
motic stapling instrument for primary division of the 
colorectal spur (Fig. 2). Since August 1968, 21 patients 
have undergone this procedure at the University of 
Florida under the supervision of one of the authors 
(JLT). In each instance, the following features have 
been incorporated in the surgical management of these 
patients: 

1) Meticulous preoperative bowel preparation—in- 


TALBERT, 





cluding initiation of a clear liquid diet 5—7 days prior 
to surgery, administration of cleansing normal saline 
enemas daily until clear, and sterilization of the bowel 
with oral antibiotics for 48 hours prior to surgery. 

2) Elimination of a proximal diverting colostomy—in 
those cases where a preliminary colostomy has not been 
required or in those where the colostomy has been located 
at theetransition zone between normal and abnormal 
colon, a primary pull-thru and anastomosis has been per- 
formed without use of a proximal diverting colostomy 
for protection of the anorectal suture line. This approach 
ehas proven feasible in 20 of the 21 patients. 

3) Resection of redundant proximal colon—in those 
instances where the normally innervated proximal colon 
has proven redundant, an effort has been made to include 
this segment with the resected specimen. When the transi- 
tion zone has been located in the sigmoid colon, the 
splenic flexure has been mobilized and the inferior mesen- 
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Fic. 2. GIA Auto Suture instrument. The carrier for the staples is 
inserted in the upper limb of this instrument and the anvil in the 
lower limb. After approximating and locking the two components, 
the central cutting bar in the upper limb is advanced and a double 
row of staples is inserted automatically on either side of an inci- 
sion which is 5 cm in length (GIA Auto Suture Instrument, United 
States Surgical Corporation, 845 Third Avenue, New York, N. Y.) 
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Fic. ( Left) Postoper ra- 
tive a enema in a 
seven-year-old boy in 
whom the traditional 
Duhamel operation had 
been performed at 2 years 
of age. Incomplete divi- 
sion of the colorectal spur 
resulted in the de velop- 
ment of a large, residual 
rectal pouch; ( Right) Fe- 
caloma formation in the 
blind rectal pouch pro- 
duced compression and 
obstruction of the poste- 
rior segment of colon and 
eventually required revi- 
sion of the upper anas- 
tomosis with obliteration 
of the rectal pouch. The 
patient has subsequently 
had an excellent anatomic 
and functional result. 


Ann. Sure. 


teric artery has been divided in several of the younger 
patients. As a result of these maneuvers, the distal colon 
has usually assumed a straight course between the mid- 
transverse colon and the rectum. minimizing any tend- 
ency for fecal retention in a patulous colonic reservoir 
(Fig. 3). 

4) Mobilization and of the internal anal 
sphincter—a transverse incision has been made in the 
posterior anorectal wall at the mucocutaneous junction 
and the dissection has been extended obliquely upward 
and posteriorly into the presacral space so that the entire 
internal anal sphincter has been mobilized in continuity 
with the muscularis of the rectum. The internal anal 
sphincter has been divided subsequently along with the 
colorectal spur. Tenotomy scissors have proven helpful 
in performing the meticulous dissection which is required 
in this area for identification and preservation of the 
external anal sphincter. The distal anastomosis between 
the posterior walls of the colon and anus has been per- 
formed as originally described, using a double row of 
interrupted 4-0 catgut sutures to approximate, first, the 
serosa of the posterior wall of the colon to the deep 
layer of perianal tissue, and, next, the mucosa of the 
colon to the anal skin (Fig. 4)! 


division 


Ə) Retroperitoneal dissection of the proximal rectum— 
the rectum has been mobilized proximally beneath the 
bladder, sufficiently to assure that the superior margin of 
the subsequent colorectal anastomosis has been located 
retroperitoneally within the pelvis and sealed from the 
peritoneal cavity. 

6) Application of the anastomotic stapler from below— 
the colorectal spur has been readily divided by a single 
application of the anastomotic stapling instrument from 
below or, alternately, a strip of the colorectal spur has 
been removed in older infants by applying the stapler 
on both sides of a Kocher clamp placed in the center 


; 
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Fic. 3. 


since birth, a clinical picture which was not recognized as compatible with Hirschsprung's Disease; ( Center and right) L 
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(Left) Preoperative barium enema in a three-year-old boy demonstrating a distal aganglionic segment of rectum and colon 
with massive fecal accumulation in the proximal bowel. This patient presented with a history of alternating diarrhea and constipation 


Lateral and A-P 


views of barium enema in same patient following modified Duhamel operation performed with anastomotic stapling instrument. The 
absence of a residual blind rectal pouch contrasts with the result depicted in Fig. 2. The level of the anastomosis is indicated by a 
peristalic contraction on the A-P film. This segment filled normallv on other films in the same study. The lack of redundant proximal 
colon is emphasized by the relatively straight contour of the descending limb. A 2X year followup has confirmed an excellent operative 


result in this patient. 


of the spur. The resulting 1.5 cm wide strip of colorectal 
spur has then been inverted and excised from above, 
through the proximal rectal lumen, thereby avoiding any 
redundancy of the newlv created rectal ampulla. In 
order to minimize the length of the reconstructed rectum, 
the stapler has been applied only from below and not 


" from both above and below as originally described for 


selected cases (Fig. 5).! 


The 5 cm partition cut in the colorectal spur has 
proven adequate in all patients to achieve visualization 
and completion of the anastomosis from above. In older 
patients, removal of the strip of spur, as described, has 
also facilitated exposure of the upper margin of staples 
through the proximal rectal lumen. Additional lengthen- 
ing of the colorectal spur through a second application 
of the anastomotic stapler from above not only has proven 
unnecessary, but also may result in an excessively large 
rectal ampulla which could encourage fecal stasis. 

7) Direct anastomosis between the upper margin of 
the rectum and adjacent colon—this anastomosis has been 
facilitated by extending the vertical incision which has 
been initiated distally in the colorectal spur by the anas- 


Y tomotic stapler, proximally onto the anterior wall of colon. 


The entire circumference of the rectal wall has then been 
approximated to the adjacent colon, beginning at the 
upper margin of staples bilaterally, with a running, in- 
verting suture of 2-0 chromic catgut, The anterior aspect 
of this anastomosis has been further buttressed by several 


interrupted Lembert sutures of 4-0 silk. This row of 
buttressing Lembert sutures has not proven necessary 
for the entire extent of the superior margin of the colo- 
rectal anastomosis (Fig. 6).! 





8) Routine use of gastrostomy—a Stamm gastrostomy 
has been performed routinelv to facilitate postoperative 
gastric drainage and gastrointestinal decompression. The 
gastrostomy tube has been removed between the tenth 
and fourteenth postoperative dav. 

9) Thorough irrigation of the operative site—the pelvis, 
peritoneal cavity, and abdominal wall incision have been 
thoroughly irrigated with sterile normal saline prior to 
closure and the subcutaneous tissues of the abdominal 
wall have been further irrigated with 1% Neomycin solu- 
tion following approximation of the fascial layers. Using 
this technique, primary closure of the skin has proven 
safe and feasible. 


10) Postoperative antibiotics 





all patients have been 
maintained on broad spectrum parenteral antibiotics for 
the first seven postoperative davs. 

11) Delaved postoperative feeding—oral feedings have 
been omitted until the fifth day following surgery or until 
normal peristalsis has returned in order to minimize stress 
on the anastomotic suture line. 

12) Postoperative followup—an inherent responsibility 
of the surgeon is the assurance of close followup of these 
patients for several years following operative correction 
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Fic. 4. Technique of } 
modified Duhamel opera- 
tion. (a & b.) The intra- 
peritoneal portion of the 
aganglionic bowel has 
been resected, The rectal 
stump has been stapled 
closed and dissection car- 
ried down behind the rec- 
tum. The posterior half 
of the circumference of 
the anus is incised. c. The 
incision is carried through 
to the retrorectal space 
previously opened from 
above. d. the proximal 
colon is brought down 
into the retrorectal space 
and through the incision 3 
in the rectum. e. The 
posterior suture line is 
placed and the colonic 
pouch is transected. The 
suture line is continued 
to the superior rim of the 
incision in the rectum.! 


Sup. hemorrhoidal vess. 
divided, 





Incision Rectum 
Dissection of 
retrorectal 
space 


of Hirschsprung’s Disease. Early identification and treat- 
ment of impending complications in these patients has 
prevented their progression. 


Results 


Emploving the approach outlined above, a total of 21 
patients have undergone operative correction of Hirsch- 
sprung's Disease since August, 1968. The oldest patient x 
in this series was 17 years of age at the time of his modi- 
E fied Duhamel operation. Interestingly, a preliminary 
AD colostomy had not been performed in this patient and 
he had struggled for years with only partial relief of his 
symptoms through a regimen of daily enemas. This 
young man is now happily married and has remained 
entirely asymptomatic during the intervening 4% years 
since surgery. 

Seventeen of the 21 patients were 8-19 months of age 
at the time of definitive surgery while the remaining 
three patients were 10, 3 and 2% years of age when 
surgical correction was performed. Fifteen of the pa- 


corrective procedure. In all but one of these patients it 

was subsequently feasible to include the colostomy with 
o colonic the resected specimen and to perform a primary, distal 

! anastomosis. In no instance was a proximal diverting 

colostomv created at the time of definitive repair. 

The only instance of an anastomotic complication oc- 

curred in an infant with absence of ganglion cells 

throughout the entire colon, requiring use of the caecum 
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Fic. 5. Division of colorectal spur. Following completion of the 
distal anastomosis between the pulled colon and anus, the tem- 
porary staple closure of the rectal pouch is excised. The GIA 


< anastomotic stapler is then introduced from below, with the two 


limbs of the instrument placed on either side of the colorectal 
spur. The instrument is locked and the central cutting bar ad- 
vanced, simultaneously inserting two double rows of staples and 
cutting between them, completely dividing the spur.1 


for the distal anastomosis. A limited separation at the 
posterior anastomosis between the colon and anus 
allowed subsequent ulceration by the continuous stream 
of intestinal drainage and eventually required use of a 
temporary, diverting ileostomy for correction. The ad- 


jacent colorectal spur division, which had been per- 


- have 


formed with the anastomotic stapling instrument, was un- 
affected by this process. The area of ulceration promptly 
healed and the ileostomy was subsequently closed. The 
patient now enjoys normal bowel function with the ex- 
ception of an increased frequency of stools because of 
the absence of any sizable colonic reservoir. The only 
other significant operative complication involved two pa- 
tients in whom localized. abdominal wound infections 
required removal of several skin sutures for drainage. In 
each instance, the incision healed promptly and there 
was no delay in recovery. In no patient has there been 
evidence of an anastomotic leak or abscess which re- 
quired drainage. 

Long-term followup of these patients for periods of 


DISCUSSION 


Dr. Mark M. Ravrrcg (Pittsburgh): As Dr. Talbert said, the 
Soave and the Swanson and the Duhamel are all acceptable 
procedures, and his experimental and clinical work, I think, have 
very clearly demonstrated the utility and the place of this opera- 
tive ava I can add reports on another 24 patients who 

ad this procedure. A little more than half of them done by 
a former associate, now at the University of Malaysia, and the 
others by members of the staff of the Children's Hospital at 
Pittsburgh, and also without any anastomotic leaks, or fecaloma 
formation. l 
. I think its important to point out that one of Dr. Talbert’s 
statements probably represents a minority position, but I have to 
say that I agree with it, and that is that a colostomy is not manda- 
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Fic. 6. Completion of the colo- 
rectal anastomosis. The upper 
anastomosis is completed by ex- 
tending the vertical incision 
which has been initiated dis- 
tally in the colorectal spur by 
the anastomotic stapler, proxi- 
mally onto the anterior wall of 


. colon. The entire circumference 


of the transected rectum is then - 
approximated to the adjacent 
colon, beginning at the upper 
margins of staples bilaterally, 
with a running, inverting suture 
of catgut. This technique com- 
pletely eliminates the proximal 
rectal pouch which was respon- 





"sible for the fecaloma for- . 


mation and partial intestinal 
obstruction which sometimes 
followed the original Duhamel 
operation.! l 


eight months to five years has confirmed the achievement 
of a good functional result in all cases. There has been 
no incidence of persistent, significant constipation and 
there has been no evidence of fecaloma formation. All 
patients who are now older than three years have 
achieved satisfactory bowel control with no evidence 
of fecal soiling. There has been no instance of postopera- 
tive enterocolitis. 

Administration of stool softeners has proven adequate 
for management of the occasional patient who has been 
noted to develop mild constipation. Emphasis on regular 
bowel habits and instruction of the parents and child in 
the voluntary mechanisms for achieving complete rectal* 
evacuation, through use of the abdominal muscles to in- 
crease intra-abdominal pressure, has appeared helpful in 
preventing constipation. Followup barium enemas have 
not indicated any tendency for formation of a redundant 
rectal pouch, as observed in earlier cases. Eighteen of 
these 21 patients have been seen in followup during the 
past six months. 


Reference 


1, Steichen, F. M., Talbert, J. L. and Ravitch, M. M.: Primary 
Side-to-Side Colorectal Anastomosis in the Duhamel Opera- 
tion for Hirschsprung’s Disease. Surgery, 64:475, 1968. 


tory in these children if they are stable and can be brought to 
operation when there is no emergency condition. I agree with 
this completely. 

I think this was a very fine presentation and a real contribution, 
and important to mention, too, that Dr. Talbert’s studies of the 
manometric diagnosis of Hirschsprung’s disease have been one of 
the important contributions to this subject. 

Dr. James L, Tatserr (Closing discussion): Dr. Ravitch, I 
appreciate your kind comments regarding this paper. It has been 
rewarding to see how effective the anastomotic stapler has proved. 
In fact, the residents rotating with me from general surgery have 
been so impressed with the instrument that on their return 
to Dr. Woodward’s adult service they have used it so frequently 
I have had difficulty obtaining it and have had to purchase a 
second anastomotic stapler. 


Sacrococcygeal Teratomas in Adults 


Eleven sacrococcygeal teratomas in adults which were surgi- 
cally treated from 1952 to 1972 were reviewed. All were be- 
nign, and all but one occurred in females. Pain and drainage 
were the most common symptoms, and presacral masses 
were found in all on rectal examination. An external tumor 
was present in only one. Four were large, filling the pelvis. 
Roentgenographic examinations, particularly barium enema 
and cystogram, were helpful both diagnostically and in de- 
termining extent of the lesion. Calcium deposits were pres- 
ent in three, and none revealed bony destruction. All temors 
were surgically resected; however, five had one or more pre- 
liminary drainage procedures. Nine were resected via the 
posteriof approach, and two large tumors required abdo- 
minoperineal resection. There were two recurrences cne of 
which was cured after re-excision and coccygectomy. Man- 
agement of special problems in complicated cases are dis- 
cussed, technical maneuvers found helpful are presented and 
“differences between the adult and infantile varieties are 
evaluated. A review of literature concerning these tumors 
and controversial aspects of terminology and diagnostice cri- 
teria, which could account for the paucity of reports of this 
lesion in adults, are presented. 


ACROCOCCYGEAL TERATOMAS IN INFANTS were known 

by the ancients, and their occurrence in the new- 
born were considered by the Chaldeans as harbingers 
of prosperity in the land.* Similarly, in the modern era 
this condition in children, though not common, is well 
known, surgical treatment is standardized, results in 
general are good, but whether it brings prosperitv, even 
to the surgeon, is doubtful. 

In adults, however, these tumors are less common and 
reports are few and isolated. The literature reveals such 
confusion in terminology and definition!* that determina- 
tion of the incidence is virtually impossible. Our review 
reveals only 24 to have been reported in the past 20 
years. However, it is probable that many have been 
reported under other designations which will be dis- 
cussed. 
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This paucity of reports on these tumors in adults 
prompts us to review the experience at Baptist Memorial 
Hospital, Memphis, with a total of 17 sacrococcygeal 
teratomas, 11 of which occurred in adults. Since this en- 
tity in infants has been amply documented by others, 
the report will deal only with the adult variety. 


Characterization of Sacrococcygeal Teratomas 


Incidence 


These tumors are rare. Hospital admission incidence 
aries from one in 30,000-170,000.67° The majority occur 
in infants*?!!3* with a female preponderance of 4:1. 
Incidence in the adult is probably unknown. Incidence 
in twins varies from approximately 10 to 50%.41 
Origin 

They probably originate from the totipotent remnants 
of the primitive knot in the sacrococcvgeal region, but 
the cause of their occurrence is unknown. Theorists be- 
lieve the female preponderance may be due to the fact 
that the ovaries differentiate later (10 weeks) in em- 
brvonic life than do the testes (7 weeks).* 


Pathology 

Diagnostic criteria specify tumors arising from the 
sacrococcygeal region which contain tissue derived from 
more than one primitive germ layer.**!9.1? Some investi- 
gators believe that the frequent predominance of tissue 
from a single layer, usually ectoderm, may necessitate a 
careful microscopic search to rule out tissue from endo- 
dermal and mesodermal derivatives and if a careful 
enough search of presacral cysts is made, that derivatives 
of all three germ layers can usually be found. For this 
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reason, many of these tumors may have been referred 
to as presacral dermoid or anterior pilonidal cvsts, and 
some Cases reported as enterogenous cysts conceiv ably 
could be one-sided deve lopments of teratomas. Others? T 
however, do not believe presacral cysts should be classi- 
fied as teratomas. 

Approximately 85% are benign;'? however, there is a 
tendency for malignant change with increasing age, 
particularly after the age of Ea months.*:!? 

In infants these tumors are externally visible in about 
90%,!" although they may be intrapelvic. They are usually 
bulky and are composed of cystic and solid elements. 
Thev may contain calcific deposits or teeth which may 
be visible on X-ray examination and aid in differential 
diagnosis. Destruction of the coccyx or sacrum usually 


" does not occur unless thev are malignant. 


Microscopicallv, in addition to dermal derivatives, al- 
most any type of tissue such as smooth and striated 
muscle, cartilage, fat, brain, nerves, and intestinal mucosa 
may be seen. According to Hanley® all types of tissue 
have been found except cardiac muscle and placental 
tissue. 


Differential Diagnosis 


Chordoma, meningocele, neurofibroma, fibrosarcoma, 
giant cell tumor of sacrum, pilonidal cyst, osteomyelitis 
of sacrum, fistula with presacral extension and abscess 
formation, postinjection granuloma, and tuberculosis may 
be confused with sacrococcygeal teratomas. 

Chordomas are malignant, painful, most often seen in 
adults, and are associated with bony destruction of the 
sacrum or coccyx." Similarly, giant cell tumors occur more 
frequently in adults, occasionally are pulsatile, and are 
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associated with destruction of bone.’ Meningoceles are 
usually accompanied by spina bifida and are " cystic and 
covered with a translucent membrane. Bonv changes are 
present in osteomyelitis, and presacral cyst or tumor 
formation is usually absent. 

Neurofibromas and fibrosarcomas are usually solid, 
painful, and may be associated with bony erosion, but 
they may be impossible to differentiate preoperatively. 
Pilonidal cvsts and sinuses occur posterior to the sacrum 
and coccyx and are rare in infants, children, and females. 
Anal fistula with presacral abscess is impossible to differ- 
entiate preoperatively from an infected cystic sacro- 
coccygeal teratoma. Oleomas secondary to injection treat- 
ment of hemorrhoids may be found in the presacral space 
and pose a difficult diagnostic problem in the adult.® 


Treatment 


Complete surgical excision usually yields good results 
except in the malignant type.*?°' Incomplete excision 
and surgical manipulations other than complete excision 
mav increase the likelihood of malignant change.’ The 
coecyx should be routinely removed and as much of the 
sacrum as necessary. 

If resection of the third or a higher sacral body is neces- 

sary S-2 and S-3 nerves should be transplanted bilaterally 
and preserved for protection of bladder control.” Shackle- 
fordi! and Swinton and Lehman’? state, however, that 
preservation of S-3 on one side is sufficient. 

Smith, Passaro, and Clatworthy™ have shown in infants 
that the middle sacral vessels frequently comprise the 
only significant blood supply to these tumors. Therefore, 
they suggest ligation and division of these vessels before 
tumor resection, if possible, to avoid both troublesome 





Fic. 1. Microscopic sections from Case 10 revealing tissue derivatives of the three primitive germ layers: (Left) Squamous epithelium 


glandular structures, 


(left upper); 


probably salivary (right upper); pseudostratified columnar epithelium, probably respiratory and 


lymphoid tissue (right lower), and neural and mesenchymal tissue (left lower). ( H. and E. x 50). (Right) Area of transitional epithe- 
lium probably representing the genitourinary tract. ( H. and E. x 250). 
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hemorrhage and tumor dissemination in case of ma- 
lignancy. 


Clinical Material 


Diagnostic criteria for inclusion in this report as sacro- 
coccygeal teratomas were patients with tumors arising 
in the sacrococcygeal region which contained tissue de- 
rivatives of two or more primitive germ layers (Fig. 1). 

Seventeen such patients were treated at Baptist Hos- 
pital from 1952-1972. During the same interval 870,268 
patients were admitted, giving a total incidence of ap- 
proximately one in 54,000 hospital admissions and an 
adult incidence of approximately one in 87,000. Eleven 
were in adults varying from 18 to 76 vears of age, and 
all but one of these were in females (Table 1). Six 
were in infants, only one of whom was a male. Only one 
was malignant; a non-resectable adenocarcinoma in a 
14 months old female infant who died eight months 
later. 


Symptoms 


Pain and drainage from the sacrococcygeal region were 
the most common symptoms with pain present in seven 
and drainage in four patients. Only one patient com- 
plained of an external tumor mass. Symptoms had been 
present in three patients practically all their lives and 
in four, the duration varied from one to two years. Four 
were completely asymptomatic with the tumors being 
discovered on routine physical examination. One of these 
was pregnant and required a Cesarean section, because 
of the tumor, six months prior to its resection. 


Physical Findings 


Presacral cystic masses were found on rectal examina- 
tion in all 11 patients. Only one presented an external 
tumor mass and this involved the left buttock and ex- 
tended into the presacral space. These masses were huge 
in four patients and filled the pelvis so tightly in two 
that the rectum and vagina were occluded. In Case No. 8, 
digital vaginal and rectal examination was impossible 
due to the pressure of the mass, the abdomen and bladder 
were distended, and the urethra was obstructed (Fig. 2). 
Cystocutaneous, cystorectal, or cystovaginal fistulae were 
present in three patients and separate pilonidal cysts were 
found in two. 


X-Ray Findings 


Roentgenographic examination revealed no evidence 
of bone destruction in any patient. The diagnosis of tera- 
toma was suggested by calcification within ‘the tumors in 
three patients ( Fig. 2).B arium enema examinations were 
performed in six patients and revealed anterior displace- 
ment of the rectum in five ( Figs. 3, 4). Lipiodol injection 
of a fistulous tract revealed communication with the rec- 
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Fic. 2. Scout film of abdomen in Case 8 showing pelvic mass 
containing area of calcification. 


tum in one patient. In another, accurate localizetion of 
the cystic mass was determined by injection of Cystokon 
15% into the cyst through a previously placed catheter 
( Fig. 5). In this patient intravenous pyelogram revealed 
medial displacement of the left ureter by the tumor. . 


Laboratory Findings 


Laboratory determinations gener: ally were not helpful 
diagnostically. Two patients exhibited leucocytosis and 
both had perforation with fistula formation. 


Pathologic Findings 


Gross. All 11 tumors were cvstic and located in the 
presacral space. They were multilocular in four patients, 
and two separate cysts were present in two. In Case 11 
there were both presacral and left gluteal components, 
and many separate cysts honeycombed the adjacent tis- 
sues. Separ ate pilonidal cysts were present also in two 
patients. 

In most cases these cysts were markedly adherent to 
the coccyx and rectum, and in cases with fistula forma- 
tion, clevage planes were virtually nonexistent. Cysts 
usually contained thick vellow-white grumous material 
and hair was present in three (Fig. 6). 

Microscopic. All these neoplasms reve ealed derivatives 
of more than one germ layer, and a variety of different 
structures were seen, including squamous epithelium, 
nerves, central nervous tissue, hait smooth and striated 





Fic. 3. Roentgenogram of barium enema revealing anterior and 
lateral displacement of rectum by presacral tumor in Case 8. 


muscle,, intestinal mucosa, respiratory epithelium, car- 
tilage, glandular structures, and transitional epithelium. 


Operative Procedures 


Complete resection was performed in all patients with 
coccygectomy included in ten. Two required partial re- 
moval of the sacrum. Preliminary drainage procedures 
had been performed prior to admission or were necessary 
prior to resection in five patients. Two required diver- 
sionary colostomies before resection. A second resection 
was necessary for recurrence in two patients, one of 
whom had previous resection without coccygectomy. Two 
patients required two, two required four, and one patient 
required five operations before cure was obtained. 

The following standard procedure was performed with 
minor variations in nine of the 11 patients: the patient 
was placed in the prone jack-knife position and a posterior 
midline incision was made from the mid-sacrum to be- 
yond the tip of the coccyx. The posterior surface of the 
sacrum and coccyx were bared, the anococcygeal liga- 
ment was cut and muscular attachments to the ceccyx 
were divided. The coccyx was disarticulated and either 
removed or left attached to the cyst. The presacral space 
was explored, and the extent of the tumor determined. 
In two patients a portion of the sacrum was removed with 
the Gigli saw after dividing the ligamentous and muscular 
attachments. The middle and lateral sacral vessek were 
ligated, if possible, and divided. The cyst was them dis- 
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sected out taking care to avoid perforation of the rectum. 
Hemostasis was secured, and the wound was closed with 
drainage. Drains were removed in five to six days, and 
the patient was ambulated about one week postopera- 
tively. 

Two patients required abdominoperineal procedures. 
In one, the tumor was freed up as far as possible from 
above, then removed via the perineum through a “U” 
shaped incision with preservation of the rectum. hn the 
other, abdominal exploration revealed the tumor to be 
too low for dissection from above, and it was removed 
from below. 

In addition to preoperative antibiotics, mechanical and 
chemical bowel preparation were used in the majority. 

Special problems were encountered in several pa- 
tients: Case 3 was complicated by both cutaneous and 
rectal fistulas, and dissection was difficult due to inflam- 
mation and fibrosis. This lesion recurred after initial 
resection, and a diversionary colostomy was necessary. 
Following this, a second resection was performed which 
was curative. Fistulagram was helpful in determining 
the extent of the cyst and detecting location of the rectal 
fistula. Coccygectomy was not included originally, but 
was performed at subsequent resection. Because of the 


Fic. 4. Anterior displacement of barium-filled rectum in Case 10 
showing extension of tumor to level of second sacral body. 
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Fic. 5. Cystogram 
through Foley catheter 
placed in cyst through 
ischiorectal drainage site. 
This reveals marked 
shrinkage from original 
size (Fig. 2 and 3) after 
drainage. PA view (left) 
and lateral view (right). 


inflammatory reaction and infection, primary closure was 
deemed unwise, and the wound was packed open. Heal- 
ing required approximately one year, but the result has 
been good. 

Case 8 was the largest and most difficult to manage. 
This 74-year-old white female presented with a huge 
tumor tightly filling the pelvis, obliterating the vagina 
and rectum, and obstructing the urethra. Spontaneous 
transvaginal perforation occurred shortly after admission, 
and symptoms gradually subsided. Past history revealed 
an abdominovaginal resection of a dermoid cvst 30 years 
previously. Subsequently, two additional transvaginal 
and ischiorectal drainage procedures were necessitated 
before final resection. The cystic tumor, which was 
originally huge, shrank so tremendously after drainage 
that it could be removed posteriorly. Preoperative cysto- 
gram through the ischiorectal drainage site was helpful 
in determining the extent of the lesion and saved the 
patient an abdominal exploration. Alternative filling and 
emptying the cyst with saline through an indwelling 
purse-stringed Foley catheter was of inestimable value 
in delineation during resection, which was difficult be- 
cause of absence of clevage planes and inflammatory re- 
action. In two areas the cyst wall was inseparable from 
the rectum, and small portions of the rectal wall were 
resected with the cyst. These defects were closed in two 
layers without complications. The patient recovered un- 
eventfully and has been well for five years. 

Case 10 presented with a tumor which extended al- 
most to S-1 and required removal of the lower one-third 
of the sacrum. Dissection was extremely difficult because 
of fibrosis and subacute inflammation, and it was in- 
advertently entered during dissection. It was necessary 
to open the cavity widely, aspirate the contents, and 
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utilize the finger inside the cyst for traction and tension 
to permit resection without perforation of the rectum. 

Case 11, despite absence of symptoms, presented an 
extensive lesion which consisted of both intrapelvic and 
external components. Only the presacral mass was de- 
tectable on examination. Exploration revealed a mass 
with multiple extensions about the rectum and ohe large 
hour-glass component which surfaced through the left 
Gluteus maximus muscle onto the left buttock. There 
were virtually no cleavage planes, and it was necessary 
in this case also to open the cyst widely to determine its 
true extent and trace out the many projections, which 
extended in spider-leg fashion around both sides of the 
rectum and into the buttock. In addition to the central 
cvstic portion the precoccy geal tissues were honey- 
combed with separate small cysts which also involved 
portions of the levator and external sphincter muscles, 
which were resected. 


Com plications 


Complications were few and of minimal degree. De- 
layed wound healing was present in two, in one of 
whom the wound was packed open because of infection. 
In the other an inverted “U” incision had been used. 
Blood was required in only two patients. One of these 
had an abdominoperineal procedure, and in the other 
the tumor was resected with the patient in the lithotomy 
position and troublesome oozing was encountered. This 
was controlled by temporary packing, and the subsequent 
result was good. 


Results 


Results were excellent in nine patients one week to 
eleven vears after resection. Two developed recurrence 
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Fic. 6. Opened specimen from Case 10 showing multiple locula- 
tions and hair ball (arrow). Towel Clip is in attached coccyx. 
Portion of sacrum also resected is seen in lower right. 

Lg 


and required a second resection, following which one 
was cured. The result in the other patient is not known. 
Case 11 was doing well one week postoperatively at the 
time of this writing. 


Discussion 


Whether presacral and dermoid cysts in the adult 
should be classified as sacrococcygeal teratomas is con- 
troversial, and, for this reason, their incidence is dificult 
to determine. We favor their inclusion as sacrococcygeal 
teratomas if derivatives of more than one primitive 
germ layer can be found; this was ascertained in the 11 
cases reported above. Interestingly, Waldhausen and 
associates included in their collected series 12 cases re- 
ported by others as dermoids. On the other hand, 
Guillermo and Grossman included 44 dermoids in a total 
of 80 presacral cysts collected up to 1972. Excluding 
these, only 24 sacrococcygeal teratomas in adults could 
be found in a review of the English literature since 1952. 

This study suggests the diagnosis be considered in any 
patient complaining of pain in the sacrococcygeal region, 
with or without a history of drainage from this area, in 
whom a presacral mass can be palpated. The value 
of including the rectal examination as a part of routine 
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physical examination is evident in that one-third of these 
cases were discovered on routine physical examination 
in asymptomatic patients. 

Roentgenographic examination is not only helpful in 
diagnosis by virtue of revealing calcification and the in- 
tegrity of the sacrum and coccyx, but also in determining 
the extent of the lesion by cystogram, barium enema, and 
occasionally intravenous pvelogram. Cystogram was em- 
ployed only when a fistula was present. The advisábility 
of this in the intact tumor is questionable, because of the 
possibility of malignancy and danger of tumor dissemina- 
tion. Arteriography as suggested by Smith and his 
colleagues may be helpful. 

The following differences between the adult and in- 
fantile varieties were noted: 10 of the 11 tumors in this 


series were intrapelvic, whereas in the infant 90% are Y 


external. All adult tumors were cystic, while in infants 
they are bulky and contain solid as well as cystic com- 
ponents. In these adults, all tumors were benign and 
in the 24 collected cases only one was malignant. In in- 
fants the incidence of malignancy is much higher. 

Resection via the posterior approach with the patient 
in the jack-knife position proved satisfactory for un- 
complicated medium and small-sized tumors. 

Patients with huge tumors and those in whom perfora- 
tion and fistula formation had occurred, or in whom 
previous surgery had been performed, presented special 
problems. The value of preliminary drainage in the huge 
pelvis-filling variety and in those with infection or per- 
foration is shown in Case 8. This tremendous cyst shrank 
so much after drainage that it was possible to remove 
it by the posterior route. In cases where this is not feasible 
however, the abdominoperineal procedure should be em- 
ployed, and, in the light of Smith's report, the middle 
sacral vessels should be secured initially during the ab- 
dominal portion of the procedure. 

The following technical manuevers were helpful: 
aspiration to reduce size and facilitate exposure, alter- 
nately emptying and filling the cyst with saline for 
delineation, opening the cyst and its extensions widely 
to determine extent and "resection from within," and 
the utilization of a gloved finger of the operator or an 
assistant in the rectum for delineation of the cyst from 
the rectum. 

The coccyx should be removed routinely, not only for 
exposure, but to remove the nidus which may contain 
totipotent cellular remnants and cause recurrence. Re- 
currence was observed in one case in which the coccyx 
was not removed. 

Resection of enough sacrum to permit adequate ex- 
posure and safe dissection should be performed. It is 
unlikely that resection of the sacrum high enough to 
pose problems with S-2 and S-3 nerves will be required 
in dealing with these lesions unless they are malignant, 
since the larger benign cysts can be removed by com- 
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bined abdominoperineal procedures without major sacral 
resection. 
Colostomy is usually not necessary, but may be re- 


~ quired in cases complicated by perforation or fistula. 
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DiscussioN 


Dr. Ricard T. SHacKELForD (Baltimore): I should say that 
I have not had any appreciable experience with sacrococcygeal 
teratomas, but have had an experience with some 15 cases of 
sacrococcygeal chordoma. I forget whether any of the teratomas 
in Dr. Miles’ series were malignant. My experience with teratomas 
has been almost exclusively in children, where malignancy has 
been fairly common. 

I have little to add to the discussion, but there are some points 
in the technique we have used for chordomas which are applicable 
and worth considering for teratomas. The technique was devised 
by John Waugh and his associates at the Mayo Clinic. Actually, 
my initial paper before this societv, when I was made a member 
in 1953, was on this particular subject. 

I will show two or three slides that emphasize the points that 
Dr. Miles has beautifully and clearly shown and will demonstrate 
some other slides. 

(Slide) The incision is made in the posterior midline from just 
above the anus as far up on the sacrum as desired, as shown 
by Dr. Miles. 

(Slide) Then, following development of the lateral flaps, the 
ischio-rectal fossae are opened bilaterally, also as he sowed. 
Before further dissection a very painful maneuver is to insert a 
sponge-stick clasping a sponge through the anus into the rectum. 
By manipulating the intraluminal sponge one can feel where the 
rectum is and avoid its inadvertent injury. I don’t remember our 
having injured any. 

(Slide) After exposing the cyst it may be found necessary to 
remove a considerable portion of the lower sacrum to obtain 
adequate exposure for excising the cyst. This can be done with a 
chisel by chiseling off the spinous processes of the lower portion 
of the sacrum. This unroofs the spinal canal. 

(Slide) Unroofing the canal exposes the sacral nerves which can 
be seen coursing to their specific foramina through which they 
exit from the canal. S-4 and S-5 bilaterally and S-3 on one side 
only can be sacrificed without sphincter disturbance. Some years 
ago Lloyd Lewis and O*thella Langworthy, at Johns Hopkins, 
showed that if S-3 is preserved on at least one side, along with 
S-2 and S-l bilaterally, sphincter control is preserved. Hence if 
the sacrum must be transected at the level of S-3 or higher, S-3 
bilaterally or unilaterally, and S-2 and S-1 bilaterally can be 
transplanted intact upward by unroofing their foramina with a 
chisel, carefully avoiding injury to the nerve. With a nerve hook, 
each nerve can be gently lifted out of its foramen and transplanted 
to a level above the level at which the sacrum will be transected 
and still preserve continence. In the two cases in which we have 
transplanted S-3 we have had no difficulty with continence. In 
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this way the sacrum can be removed higher and provide better 
exposure for removing the tumor. 

(Slide) This shows the foramina unroofed so the spinal nerves 
can be lifted and transplanted to a higher level. 

Dr. RicHamp G. Martin (Houston): I was intrigued by the 
title of this paper, because I had not been aware of the nomen- 
clature of sacrococcygeal teratomas in adults. We have had ther 
in children—infants—but not in adults, and I called our pathologist 
last night to see whether I had missed, or what—and I think 
that it's just a matter of terminology, as Dr. Miles pointed out— 
as to what you call a true sacrococcygeal teratoma. 

The posterior approach is good for small lesions, and those in 
which you don't have to do an AP resection. I wish he would 
comment a little on his technique in doing the AP resection in 
these cases. . 

We have found in large presacral lesions such as chordomass 
neurofibrosarcomas, and the like, that sometimes an anterior 
approach with the patient in extreme Trendelenburg is a good 
method with a two-team approach. In doing this, you have to 
place the patient with the buttocks off the end of the table in the 
lithotomy position, and then put in severe Trendelenburg when 
you are ready for the peritoneal part. 

Now, when we first did this, we had to use shoulder braces, 
and in doing so we had one case of a 6-foot, 4-inch, 200-pound 
basketball player who developed bilateral transient brachial in- 
volvement, and this, of course, caused us all kinds of anxiety. So 
now we use what we call the beanbag, which is a sort of a 
mattress filled with pellets, and can be molded to the contour cf 
the patient and the air evacuated from the pad, and the pad 
becomes hard, and this will keep him in place without any 
shoulder stirrups. 

Dr. Rosert M. Mres (Closing discussion): With reference to 
Dr. Shackelford’s question about the incidence of malignancy, 
this is a very interesting thing. In the newborn it varies, but 
averages about 15% until the age of four months, and Waldhausen 
and others have shown that from four months to about 15 years 
this may increase to 40 to 50 percent. However, in the 24 cases that 
we collected there were only two instances of malignancy in the 
adult. 

I appreciate Dr. Martin's remarks. With respect to his question 
about the abdominoperineal procedure, the lesion was simply 
freed up as much as possible from above, and then resected 
definitively from below. However, in the light of Smith, Passaro 
and Clatworthy's work on the blood supply of these tumors in 
infants, if the abdominoperineal procedure is done the middle 
sacral vessels should be secured initially. They make the point that 
this not only prevents troublesome bleeding, but also may 
prevent tumor cell dissemination in case of malignancy. 


Energy Metabolism in Sepsis: 


Treatment Based on Different Patterns in Shock and High Output Stage 


Studies in seriously septic patients and animals demonstrate 
that the metabolic pattern of energy production difers not 
only from that of normal starvation but that significant dif- 
ferences exist between that associated with the ustal high 
cardiac output response and the situation when hyp: tension 
and low output are present. In the high output sta& blood 
insulin ts three times that found in starvation. Blood sugar 
is normal or high and lipolysis is suppressed. Expemimental 
measurements of limb substrate utilization indicze that 
oxygen and glucose uptake are the same as in fastinz while 
net fat utilization is almost zero. It is suggested by xegative 
"nitrogen balance in patients that the apparent peripheral 
fuel deficit is satisfied by proteolysis and oxidation o amino 
acids. When the cardiac output is below the norm:] basal 
value the blood insulin is as low or lower than in starva- 
tion, probably related to intense catecholamine  —ctivity. 
Peripheral oxygen uptake is not significantly reduced and 
net fat utilization is normal. Although peripheral glueose up- 
take is normal, the major portion of it appears to >e con- 
verted to lactate. The fuel deficit again appears to Ee satis- 
fied by amino acid oxidation which is reflected by thc severe 
negative nitrogen balance in hypotensive septic patiens. 


URVIVAL AND RECOVERY from extensive infeCion is 
characteristically associated with cardiac incices in 
excess of 4 L/M?/min.!?3548 The high cardiac ovtput is 
in response to a marked reduction to peripheral vascular 
resistance which appears inappropriate at times.?* 9? The 
mortality of septic patients who are unable to meet this 
circulatory challenge and who remain more than. transi- 


Presented at the Annual Meeting of The Southern Surgical Asso- 
ciation, December 3—5, 1973, Hot Springs, Virginia. 

The research reported in this paper was supported Ey Grant 
#GM-19954-01 of the U.S. Public Health Service, and by the 
research Contract #DA-49-193-MD-2860 with the U.S Army 
Medical Research and Development Command. 


G. H. A. CLOWES, JR., M.D., T. F. O'DONNELI, JR., M.D., 


N. T. RYAN, PH.D., G. L. BLACKBURN, M.D., PH.D. 


From the Harvard Surgical Unit, Sears Surgical Laboratory 
Boston City Hospital, Boston, Massachusetts 02118 


ently hypotensive with cardiac indices below the normal 
resting output of 2.8 L/M?/min has been greater than 
70% in various reported series.1?35.5? Well known meta- 
bolic abnormalities also accompany the septic state. Pro- 
teolysis and negative nitrogen balance far exceed the 
values observed in simple starvation.?1*?? Mortality from 
invasive sepsis is high when loss of lean body mass ex- 
ceeds 302.5* Proteolysis during infection appears to be 
in part related to the extent to which lipolysis is sup- 
pressed by high levels of insulin in the blood.*#? Para- 
doxically, a diabetic type of glucose tolerance curve and 
a resistance to infused insulin are frequently observed 
in infected and traumatized patients.?? Lactacidemia is 
known to occur in the low flow circulatory state, but is 
also found in certain patients with high cardiac indices.*? 
McLean et al.35 suggested that the prognosis of the 
seriously infected patient is closely related to the blood 
lactate concentration. 

In a series of experiments designed to clarify the rela- 
tionship of the abnormalities of peripheral energy pro- 
duction and circulation in sepsis O'Donnell et al.*° ob- 
served marked metabolic differences between those with 
high and those with low outputs. Of particular interest 
was the fact that the blood insulin levels were high in 
the former and very low in the latter. It is the purpose 
of this paper to review these data and to demonstrate 
that similar patterns of metabolism exist in septic man 
which indicate different forms of metabolic management 
in the patient who is apparently doing well with a high 
cardiac output in contrast to the hypotensive patient with 
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a relatively low output. When other forms of therapy 
including fluid replacement, ionotropic agents and corti- 
coids have failed in this form of septic shock, restoration 
of the hemodynamic state has been effected by the ad- 
ministration of insulin in high doses. 


Methods 


Cardiac output was measured by indocyanine dye di- 
lution. In the animal experiments hind limb blood flow 
was determined by the indicator dilution method. of 
Andres et al^? Comparative measurements in four pigs 
were made to measure the clearance of !9?Xe after in- 
jection into leg muscles. | 

After deproteinization with perchloric acid, the blood 
concentrations of glucose, lactate, pyruvate, and glycerol 
were determined by standard enzymatic methods.* In the 
animals these measurements were made in samples of 
blood obtained simultaneously from both the femoral 
artery and femoral vein. Free fatty acid (FFA) was de- 
termined by the method of Dole and Meinertz.'? Blood 
pH and gases were determined by the Instrument Lab- 
oratory pH/gas analyzer,? and blood oxygen content was 
measured by the Lex-o-Con Instrument. Radioimmun- 
assay according to the method of Soeldner?? was used 
to measure blood insulin concentration. À porcine in- 
sulin standard was employed. In the clinical study, the 
daily urinary nitrogen excretion was calculated from the 
volume of a 24 hour urine collection and the nitrogen 
concentration measured by the micro-Kjeldahl technique. 


Animal Experiments 


Procedure 


Pigs weighing between 35-45 kg were starved for four 
days being allowed only water. On the fourth day, under 
halothane inhalation anesthesia, silastic catheters were 
placed in the carotid artery and in the right atrium 
through the external jugular vein for systemic hemody- 
namic measurements. A second set of catheters was 
placed in the femoral artery and vein by a technique 
previously described in detail? to measure limb blood 
flow and obtain blood samples for calculation of the me- 
tabolic exchange in the hind leg. 

Because of previous observations in this preparation 
which had disclosed significant alterations of limb blood 
flow and metabolism during anesthesia, all the animals 
were allowed to recover fully during the course of several 
hours prior to performing measurements in the basal 
state. The pigs are usually docile and remain quietly on 


the operating table during blood sampling and flow 


* Instrumentation Laboratories, Lexington, Mass. 
Lexington Industries Corp., Lexington, Mass. 
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measurements. In this starved basal state the cardiac out- 
put, arterial blood pressure, and central venous pressure 
were recorded at the same time that blood flow in the 
hind limb was measured. Blood samples were obtained 
from the femoral artery and vein. Flow measurements 
were made in duplicate, and in triplicate if a discrep- 
ancy was observed. 

Upon completion of these basal measurements the pigs 
were reanesthetized for laparotomy. Through a mid-line 
incision a ligature was placed about the cecum at a 
point approximately 2 cm below the ileocecal valve, 
which does not produce intestinal obstruction. Approxi- 
mately 2 cc of pig feces were introduced into the peri- 
toneum near the ligated cecum. 

In the postoperative period pigs were given an infu- 
sion of 1 of Ringer lactate solution on the day of opera- 
tion. Thereafter, only water was allowed. On the third 
postoperative day (seventh day of starvation under a 
brief halothane anesthesia, catheters were inserted into 
the femoral vessels of the opposite hind leg to avoid ab- 
normalities caused by clotting or injury to the vessels 
of the leg which previously had been catheterized. Fol- 
lowing full restoration of consciousness the same measure- 
ments made in the basal starved state were repeated. At 
the conclusion of these experiments all of the animals 
were sacrificed for post-mortem examination. 


Results 


The average cardiac output in the starved basal state 
of the sixteen pigs studied was 3.9 + 0.3 L/M. Three 
days after the induction of peritonitis, nine of the anie 
mals had cardiac outputs in excess of their basal values 
with an average value of 5.0 + 0.6 L/M. This group was 
classified as "high flow." Seven in which the cardiac out- 
put was below their basal values had an average of 2.0 
+ 0.3 L/M, and were designated as “low flow." Hind limb 
flow rose from 2.4 + 0.2 to 3.1 + 0.1 in high flow and 
fell to.1.9 + 0.2 ml/kg body wt/min. Significant differ- 
ences (p « .005) exist between the three groups. In four 
pigs these changes of flow were reflected very closely by 
the rate of disappearance of !35Xe from muscle, indicat- 
ing that muscle capillary perfusion is directly propor- 
tional to limb flow. 

The results of these studies are summarized in Table 
1. Attention is drawn to the fact that in the septic state 
the arterial blood insulin concentration of 41 + 9 uU/ml 
in the high flow group is significantly greater (p « 
0.001) than that of the low flow group which was 14 = 5 
uU/ml. Despite this fact, the glucose uptake in high 
flow was lower but not significantly different from either 
the basal or the low flow animals. Although the hind 
limb flow of the low flow group was significantly lower 
than that of either the “basal” or "high flow" groups, 
there was no statistically significant difference of hind 
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TABLE 1. Peritonitis (Cecal Ligation) 
(Values + SEM) 
Basal High Flow Low Flow 
n = 16 n=49 n= 7 

Temperature 

(°F) 1014+ 0.2 1028 + 0.5 1005 +4: 1:2 
Cardiac Output 

(L/M) 3.9 2 0.3 5.0 + 0.6 2.0 4- 0.3 
Hind Limb Flow 

(ml/kg body 

wt/min) 2.4 +40.2 3.1 40.1 1.9 + 0.2 
Mean Arterial 

Pressure 

(mm Hg) 115 + 3.7 103 + 4.1 103 + 10.8 
Hind Limb Resis- 

tance (pres/ 

flow) 40 + 6 33 + 2 53 +4 
Arterial Insulin 

(uU/ml) 10 +4 4149 14445 
Arterial Glucose 

(uM /ml) 5.6 20.5 4.0 0.2 4.6 + 0.6 
Glucose Uptake* 

(uM/kg/min) 1.6 20.3 1.3 2: 0.3 1.5 20.4 
Arterial Lactate 

(uM /ml) 1.02: 0.1 0.9 20.1 1.7 4: 0.3 
Lactate 

Production* 

(uM/kg/min) --1.22: 0.2 --1.2 4: 0.3 2.5 4- 0.6 
FFA Arterial 

(uEq/ml) .715 + 0.8 .398 + .07 462 + .03 
FFA Uptake or 

‘Release* 

(uMolfkg body 

wt/min) ' —.101 + .03  4-..067 + .04 4+.126 + .04 
Glycerol Release* 

(uMol/kg body 

wt/min) +. 042 + .011 +.009 + .001 +.116 4 .01 
Oz Uptake* í 
* (ml/kg body 

wt/min) 15 + .03 .14 4 .03 12 + .01 
Arterial pO; 

(mm Hg) 72.36 + 2.6 69.5 +7.18 75.2 7.2 


* Net uptake (—) or release (+) by hind limb. 


limb oxygen uptake. Nevertheless, lactacidemia and lac- 
tate production by the hind limb of the low flow group 
was nearly double (p < 0.001) that of either the basal 
fasting or high flow groups. 

Whereas free fatty acids were taken up in starvation 
at a rate of .042 uM/kg body wt/min, FFA was released 
in both septic groups. The extent of lipolysis in the limb 
is indicated by the glycerol release. Approximately 3 M of 
fatty acid are mobilized from the fat deposits for each 
mole of glycerol. On this basis the net fatty acid utiliza- 
tion by the limb in starvation was 0.22 uM/kg body 
wt/min. The high flow group uptake was zero, and the 
low flow group took up 0.22 uM/kg body wt/min, the 
same as in the fasted basal animals. 

At autopsy large purulent peri-cecal abscesses were 
present. Culture in every instance revealed mixed enteric 
flora with coloform organisms predominating. 
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Experimental Response to Glucose, 
Potassium, and Insulin in Peritonitis 


Procedure 


To examine the effects of glucose, potassium and in- 
sulin on the high output and low output responses to 
peritonitis, a series of 12 experiments was carried out in 
exactly the same fashion as described in the previous 
section. After four days of starvation, silastic catheters 
were inserted into the jugular vein and carotid artery as 
well as the femoral artery and vein. When fully conscious, 
basal measurements were made followed by the induc- 
tion of peritonitis by 'cecal-ligation. After three further 
days of starvation, cannulation of the opposite femoral 
artery and vein was carried out with a repetition, when 
fully conscious, of the standard hemodynamic and me- 
tabolic measurements. Based upon their responses to 
peritonitis the pigs were assigned to the high output or 
low output groups. Thereafter a 50% glucose solution con- 
taining glucose 1 g/kg body wt, insulin 1.5 units/kg body 
wt, and: potassium 10 mEq. was infused during a ten 
minute period into the central venous catheter. Fifteen 
minutes, thereafter, the circulatory and metabolic meas- 
urements were repeated. Two hours later the measure- 
ments were again carried out prior to sacrifice of the 
animals. 


Results 


In the high flow/high output group of animals, the 
cardiac output increased significantly from a basal value 
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Fic. 1. Hemodynamic and metabolic responses of septic pigs in 
the high output and low output states to bolus infusion of glucose 
potassium and insulin. Note the increase of cardiac output and 
reduction of peripheral vascular resistance in the animals with 
low cardiac outputs. 
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TABLE 2. Perttonitis—Pig: Response to Glucose Potassium and Insulin 


Cardiac Output ( /min) 

Art. Pressure (mm Hg) 

Pulse Rate (beats/min) 

Centr. Ven Pres. (cm H;O) 

Limb Blood Flow (ml/kg body wt/min) 

Limb Q; Consumption (ml/kg body 
wt/min) 

Limb Glucose Uptake (uM/kg body 
wt/min) 


of 3.95 + .35 to 5.20 + 


.95 L/min in the septic state. 
Limb flow rose from 1.8 + 2.3 to 2.3 = .05 ml/kg body 


ENERGY METABOLISM IN SEPSIS 


(Mean Values + SEM) 


High Output 
n= § 

Basal Septic Post GKI Basal 
3.59+ 35 5.204 .95 8.00 + 3.3 5.66 + .34 
130 + 3 118 + 14 136 + 19 125 + 5 
132 + 13 160 + 16 176 +: 12 129 + 13 
1.3 2-2.3 —-1.342.6 —2.6 42.3 1.9 + 1.8 
1.824 .3 2.34 .5 3.7 & .7 1.64 .4 
.15 + .03 13 + .02 17 + .04 14 + .04 
1.6 + .03 14+ .3 2.6+ .9 1.3.5 


Y^ wt/min. By contrast the low output group exhibited a 


reduction of cardiac output from 5.66 + .34 to 3.46 + 
.39 L/min but no change in limb blood flow. Following 
the administration of glucose, potassium, and insulin the 
cardiac output of the high flow group rose to 8.00 = 3.3 
L/min while that of the low output group rose from 
3.46 + .38 to 5.56 + .79. In both groups there was sig- 
nificant increase of limb oxygen consumption being most 
marked in the low output group which rose from .10 + 
03 to .18 + .05 ml/kg body wt/min. Limb glucose up- 
take was also significantly increased in both groups. The 
data obtained from these experiments are illustrated in 


Fig. 1 and summarized in Table 2 


Clinical Observations on the Metabolic and 


Results 


Low Output 
n=7 
Septic 


3.46 + .39 
UES 

145 + 13 

—.14 — 1.7 
I ee ee 
10 + .03 


1:5 de 23 
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Post GKI 


5.56 + .79 
110 + 18 
156 + 16 
1.32: 3.2 
2.3 x .5 
18 + .05 


25135 9 


overnight fast were made in three normal volunteers 
and in five patients after full recovery. 


Twenty observations were made in ten patients who 
were classified in the high flow group with average mean 
blood pressure of 110 + 12 mm Hg. Twelve observations 
were made in eight patients in the low flow group with 
mean arterial blood pressures of 70.2 + 
data obtained from these measurements are summarized 
in Table 3. The average cardiac index of the high flow 
group was 4.6 which is significantly higher than the 
cardiac indices of the normal or low flow patients which 
were respectively 2.8 and 2.4 L/min/m*. Attention is 


: 4 mm Hg. The 


drawn to the fact that the body temperature 'of those 
patients in the low flow state were significantly lower 


.Hemodynamic Response to Infection 


r^ Procedure 


Eighteen septic patients with peritonitis, retroperitoneal 


TABLE 3. 


in Fasting and Septic Man 


abscesses, or extensive gangrene admitted to the Surgical 
Service of the Boston City Hospital were selected for 


study. All had wound or abscess cultures containing colo- 
form organisms. No patients known to be diabetic were 
included in this study. Treatment was in no way altered 
from that being administered by the attending surgeons 
except that glucose administration was limited to 100 
g/day during the 24 hours in which urine was collected 
for nitrogen excretion. No oral alimentation or glucose 
infusion took place for twelve hours prior to blood sam- op 
ples which were drawn to measure: insulin, glucose, free 
fatty acid, lactate, pH and gases. The patients were di- 
vided into "high flow" and "low flow" groups depending 
upon whether they were normotensive or. hypotensive. 
Patients with mean arterial pressures less than 80 mm 
Hg were included in the low flow group. If more than 
one observation was made for any patient, they were 
accomplished within a period of no more than six hours. 

For comparative purposes measurements after an 


Blood FFA (uMol/ml) 
Blood Lactate 
(uMol/ml) 
Arterial Os Tension 
Breathing Air 
(mm Hg) ; 
Urinary N (gms/24 hrs) — 


n — number of observations 


90 + 3 


(Values + SEM) 


(average 100.6F) when compared with those of the 


Metabolic Substrates and Urinary Nitrogen Excretion 





Septic Semi-Starvation 





(Glucose 100g/24?) 





Normal 
12 Hour High Flow Low Flow 
Fasting = 20 = 2 
8 Patients 10 Patients — 8 Patients 
Cardiac Index 
(L/min/m?) 2.82 0.4 46408 2.4 20.3 
Mean Arterial | 
Pressure (mm Hg) 93 + 14 110 + 12 70.2 a: 4 
Rectal Temperature 
99.640.6 1024 +0.8 100° x: 0.6 
Blood Insulin (uU/ml) 18 + 2 42 4X 6.4 12 x 4 
Blood Glucose 
(uMol/ml) 3640.8 7.22 0.5 7.68 2: 2.3 


1.3 +.15 0.41 + .06 1.176 + 0.9 


0.60.1 L15z .11 2.79 20.3 
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TABLE 4. Clinical Treatment of Low Output Septic State with Glucose, Potassium, and Insulin 
Condition Response 
Bacterial MAP* COT MAP* COT 
Patient Age Diagnosis Culture (mm Hg) (L/M) (mmHg) (L/M) Result Cause 
1. 67 M Pelvic peritonitis and Mixed E. colt 62 2.3 78 9.6 Died Respiratory failure 
phlegmon after predominating 10 d. later 
endarterectomy 
2. 71 F Upper G.I. bleed., Abcess E. colt + 58 2.4 73 9.2 Died Coronary infact 
Subphrenic, Pneumonia Proteus vulgaris 3 d. later myocardial failure 
o 53M Cholangitis, Pancreatitis Mixed coloform 50 acs 72 10.2 Died Respiratory and 
| 4d.later renal failure 
4. 62M Peritonitis—perforated Mixed enteric 50 4.1 70 7.4 Recovered 
cecum, diverticulitis E. coh 
predominating 
5. 27M Trauma—Hepatectomy E. colt 76 3.1 80 6.7 Recovered 
Bile peritonitis 
6. 32M Trauma—Hepatectomy E. coh + 51 — 76 -— Recovered 
Subphrenic abcess— A. aerogenes 
peritonitis l 
7. 23M Trauma—liver laceration E. colt 64 3.5 88 8.7 Recovered 
Bile peritonitis 
8. 52 M Gunshot wound colon and Mixed coloform 62 2.9 90 — Died Respiratory failure 
"^ A pancreas. Pancreatictomy l 14 d. later 
peritonitis 
9. 48M Duodenal rupture post E. coli + 58 — 78 — Recovered 
gastrectomy—subhepatic S. fecalis 
abcess. Myocardial infarct 
10. 52M Anal carcinoma. Rectal Mixed enteric 48 2.9 71 8.6 Recovered 


resection. Abdominal abcess 


* Mean arterial pressure 
1 Cardiac output 


high flaw group which averaged 102.4F. The blood glu- 
cose in both groups of patients was approximately twice 
that of the fasting normal people. However, the heals 
blood insulin in the high flow patients was 42 + 6 uU/ 
ml compared to 18 + 2 uU/ml in the normal and only 
]à + 4 pU/ml in the low flow patients. Although 
lactacidemia was present to some extent in both septic 
groups, the blood lactate concentration was significantly 
higher at 2.8 uM/ml in the low flow patients (p « .001). 
The urinary nitrogen excretion of 7.4 g/day in the high 
flow patients was slightly more than the accepted, nor- 
mal, fasting value. However, nitrogen excretion in the 
low flow patients was significantly (p « .001) elevated 
being on the average 16 + 2 g/24 hours. 


Clinical Response to Glucose, Potassium and 
Insulin ( GKI) 


Procedure 


Ten patients in "septic shock" who were suffering from 
a variety of serious intraabdominal and pelvic infections 
with protracted arterial hypotension which did not ap- 
parently respond to intravenous fluid, ionotropic agents, 
or corticoid administration, were treated with GKI. The 
condition of these patients and their major hemodynamic 
responses are given in Table 4. Hemodynamic meas- 
urements were made and arterial blood samples were 
drawn for subsequent determination of gasses, insulin, 


and blood concentrations of glucose, FFA, and lactate. 
To sufficient 50% glucose solution to contain 1 g of glu- 
cose/kg body wt., were added 1.5 U crystaline insulin/kg 
body wt., 10 mEq of potassium chloride and 1 g of hu- 
man albumin. The mixture was infused in a 10-minute 
period through a central venous catheter. The arterial 
blood pressure and central venous pressure were followed 
during the infusion. Within 10 minutes after completion 
of the GKI infusion, the hemodynamic measurements 
were repeated and another set of blood samples was ob- 
tained. The patient's course was then followed with oc- 
casional repetition of the hemodynamic measurements if 
indicated. In three patients, numbers 2, 4, and 9, the GKI 
therapy was repeated one or more times in the 24 hours 
after the initial dose. 


Results 


As shown in Table 4 only one patient died in a shock 
state several days later following a coronary infarction. 
Three others died of respiratory or renal complications. 

In each instance, the arterial blood pressure response 
was dramatic and had risen before the end of the GKI 
infusion. The response of a typical patient is shown in 
Fig. 2. The cardiac output in every instance had risen 
within 15 minutes. As shown by the data in Table 5 and 
Fig. 3, the average cardiac output increased from 3.0 + 
0.3 to 8.6 + 0.5 L/M. During the infusion there was no 
significant change of CVP in any patient, but at the 
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Fic, 2. The clinical course of a severely septic patient who ex- 
hibits the metabolic responses associated with both high and low 
cardiac outputs. Also illustrated are the circulatory and metabolic 
effects of glucose, potassium, and insulin in the low output shock 
state. This man whc underwent bilateral iliac endarterectomy 
required reexploration on the sixth postoperative day because of 
hemorrhage from an arterial suture line. He became infected 
with coloform organisms present by blood culture. Becoming hypo- 
tensive on the tenth day, he did not respond to isoproterenol. On 
the twelfth day, GKI was administered with a prompt rise of 
cardiac output and body temperature. A pelvic abscess was drained 
on the sixteenth day. Because of progressive bronchopneumonia he 
died of respiratory fai'ure on the twenty-second postoperative day. 


time of the second hemodynamic measurement the 
average had fallen from 14 to 9 cm H2O. In five patients 
in whom pulmonary wedge pressure measurements were 
available through a Swan-Ganz catheter, there was a 
decrease from 16 to 12 mm Hg. 

The rectal temperature rose in five of the seven people 
in whom it was recorded before and after GKI. Although 
the blood glucose was high (8.7 + 1.3 uM/ml) prior to 
the infusion, in four patients the average insulin concen- 
tration was only 12 uU/ml. Subsequently after GKI blood 
glucose rose to 16.5 + 3.1 uM/ml while insulin increased 
to 230 + 56 uM/ml. Simultaneously the blood FFA fell 
from 971 to 432, and blood lactate from 2.6 to 1.9 mM/ml. 
The latter decrease is not significant. These responses 
are shown in Fig. 4. 

Although the average value for arterial oxygen ten- 
sion rose from 89 to 109 mm Hg while breathing a 40% 
Oz respiratory mixture, the reduction of pulmonary shunt 
was probably more apparent than real because of the 
increase of mixed venous pOs which in four patients, 
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on the average, rose from 28 to 36 mm Hg. Arterial pH 
and pCO, both increased slightly. 


Discussion 


The circulatory response to severe infection anywhere 
in the body is characterized by low peripheral vascular 
resistance accompanied by high cardiac output. In po- 
tentially lethal situations such as general peritonitis, the 
average cardiac output in patients, who are apparently 
doing well from a metabolic standpoint, averages 60% or 
more above the normal basal value.’*355! On the other 
hand, oxygen consumption or metabolic rate seldom are 
elevated by more than 30 to 40%.**48 Other metabolic 
abnormalities including proteolysis of moderate to severe 
degree!*?* differentiate this hyperdynamic circulatory 
state of major sepsis from the economic metabolic pat- 
tern of starvation.?^? Normally in the absence of cardio- 
vascular failure the blood flow and cardiac output, 
through reflex arcs involving the autonomic nerves and 
the endocrines, are regulated by the sum total of the 
vascular resistances in the organs supplied by the sys- 
temic circulation according to their metabolic require- 
ments.?® If for any reason the cardiovascular system is 
unable to satisfy the elevated circulatory demand imposed 
upon it by major sepsis an intense sympatho-adrenal 
discharge is manifested by marked tachycardia and vaso- 
construction.!? The result frequently is progressive de- 
terioration of energy production accompanied by lact- 
acidemia and metabolic acidosis leading to death*!*® 
That the metabolic utilization of fuel substrates in the 
peripheral tissues varies according to changing peripheral 


TABLE 5. Chnical Response to Glucose, Potassium, and Insulin 
in Low Output Septic State 


Values + SEM 


Pre GKI Post GKI 

Hemodynamic 

Cardiac Output (L/min) 3.0 + 0.3(8) 8.6 + 0.517) 

Pulse (beats/min) 12444 (10) 11544 (10) 

Mean Arterial Pres. 

(mm Hg) 59 +7 (10) 76 3:4 110) 

Centr. Venous Pres. 

(cm H:0) 1443 (8) 942 18) 

Pulm. Wedge Pres. 

(mm Hg) 14643 (5) 12 2:2 4S) 
Metabolic 


Rectal Temperature (°F) 100.6 +0.6(7) 101.2 + 0. 557) 


Blood Glucose (uM /ml) 10.2 42.3(8) 16.3 4 3.1/6) 
Lactate (uM/ml) 2.6 + 0.8(6) 1.9 + 1.126) 
FFA (uM/ml) 971 + 124(7) 432 + 78 <6) 

Blood Insulin 1243 (4) 230 Æ 56 (4) 

Blood Gases 

Resp. O2 Gas Mixture (%) 40 + (7) 40 + (7) 

Arterial pO; (mm Hg) 89 + 12 (8) 109+ (8) 

Arterial pCO: (mm Hg) 35 +3 (7) 38 4:4 (7) 

Hydrogen Ion (pH units) 7.41 + .03(10) 7.44 a: .04t9) 

Urine Output (ml/br) 18 +6 (6) 61 + 14 (£6) 


Number of observations in parentheses 
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CLINICAL SEPSIS: LOW OUTPUT STATE 
EFFECTS OF GLUCOSE , POTASSIUM AND INSULIN 
HEMODYNAMIC RESPONSES 
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Fic. 3. The early hemodynamic responses of hypotensive septic 
patients to treatment with glucose, potassium, and insulin. 


vascular resistances and blood flows under these normal 
fasting and septic conditions is clearly shown by these 
experimental and clinical observations, At the same time 
the demonstrated metabolic alterations engendered by an 
insufficient low cardiac output response may further im- 
pair the function of the cardiovascular system, thus, 
establishing a vicious cycle of progressive circulatory fail- 
ure and shock. 

Since the demonstration of a continued demand for a 
high cardiac output in sepsis!??! in which there is lacking 
the proportionate increase of oxygen consumption found 
in health,??3* speculation has existed regarding the cause 
for the apparently inappropriate peripheral vasodila- 
tion. Based upon clinical and experimental observations 
a variety of explanations have been put forward. Reduc- 
tion of the arterial-mixed venous oxygen difference in the 
face of high cardiac outputs prompted Siegal et al.5? to 
consider the possibility of open anatomical arterio-venous 
shunts. The clearance rate of intramuscularly injected 
Xenon correlates with changes in measured limb flow 
rates and cardiac outputs during sepsis? making the 
presence of anatomical shunts unlikely. Thus, the high 
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or low blood flow in the limbs of the septic pigs must 
reflect the capillary perfusion rate. 

Circulating vasodilator substances activated by endo- 
toxin or tissue injury at the site of infection have been , 
shown to exist.?533 Among those observed to be present 
in the blood during sepsis are the kinins, thrombin,“ 
fibrinopeptides,? and substances released from platelets 
which include serotonin, prostaglandins, adenosine tri- 
phosphate, and histamine in some species.* However, 
clear cut evidence is lacking of continuing activity of 
these agents throughout the prolonged period of vascular 
resistance which remains until the septic process is 
brought under control. 

Alternatively, metabolic abnormalities of muscle or 
other tissues have been proposed as causes for the 
peripheral vasodilation. Hypoxemia is common in septic 
patients,! yet hyperbaric oxygen has proven of no sig- 
nificant benefit.55 Reduction of 2, 3 Diphospho-glycerate 
in erythocytes of patients in septic shock was reported by 
Miller et al55 The shift of the oxyhemoglobin dissocia- 
tion curve to the left appeared as a possible mode of 
producing tissue hypoxia which would result in lactate 
production and vasodilation. Yet the limb oxygen con- 
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Fic. 4. The early metabolic responses of hypotensive septic pa- 
tients to treatment with glucose, potassium and insulin as reflected 
by blood concentrations of insulin, glucose, free fatty acids and 
lactate. 
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sumption was not significantly reduced below that in the 
basal starved state in either the high output or low output 
septic pigs. The oxyhemoglobin dissociation of these ani- 
mals, when arterial and venous pO» values were com- 
pared with blood oxygen contents appeared little changed 
from those in the basal state. Being under control of 
several hormones which vary as the degree of circulatory 
stress, it is not surprising to find the significant differences 
in the' metabolism of energy production exhibited by the 
patients and animals in this study. Those endocrine secre- 
tions of greatest metabolic importance under these con- 
ditions probably are: insulin,’ glucagon,***! the cate- 
cholamines,** and possibly the glucocorticoids. Insulin, 
the only one actually measured in the blood during these 
observations, was strikingly different in the high flow 


y~ and low flow septic states. At the same time evidence of 
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“insulin resistance"? further complicates the control of 
metabolism under these septic conditions. Cahill® has 
defined insulin as “the overall fuel contro] in mammals.” 
The blood insulin concentration being high in the fed 
state, it suppresses glycogenolysis and lipolysis and pro- 
motes glycogenesis, deposit of fat in adipose tissue and 
the synthesis of protein. In the starved state, the reverse 
is the case as observed in starved animals (Table 1) and 
in fasted humans (Table 3). Blood insulin is low while 
free fatty acids (FFA) are high. Glucose for supply to 
the nervous system and certain other tissues is de- 
pendent upon proteolysis in muscles, etc. and diamina- 
tion of alanine in the liver for gluconeogenesis which 
appears to be in part a function of glucagon.36® 
Paradoxically, in the starved septic pigs with high 
cardiac outputs in which all available glycogen had been 
exhausted, the average blood insulin concentration was 
41 uU/ml despite the presence of blood glucose in the 
normal range. The situation was similar in the high 
output septic patients, who had received no glucose or 
oral alimentation for twelve hours before blood samples 
were drawn. Their average blood insulin value was 42 
uU/ml. Despite the four-fold increase of arterial insulin 
in this group of septic starved animals, the glucose up- 
take by the extremities remained unchanged. This is 


| evidence of an "insulin resistance" in the periphery, for 


normally glucose uptake is proportional to concentration 
of blood glucose and insulin. Possibly herein lies part 
of the explanation for the pseudodiabetes described by 
Howard* in Korean battle casualities. However, in this 
group free fatty acids (FFA) in the blood were low 
both in patients and pigs. In the animals, lipolysis, as 
indicated by glycerol release, was reduced. When the 
balance of glycerol and FFA release from the limb are 
considered, the net utilization of fat by the extremity is 
nearly zero in this septic starved group with high flows. 
This situation differs significantly from the basal state 
and reflects the normal antilipolytic action of insulin. 
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Thus, it appears that whereas muscle is resistant to insulin 
in sepsis, adipose tissue continues to respond normally. 
This concept is born out by studies conducted by Ryan 
et al.*? in which it was observed that the insulin sensitive 
pyruvate dehydrogenase is low in muscle during infection 
but rises in fat as it normally does when stimulated by 
insulin. 

Since glucose and oxygen uptake are unchanged and 
fat is not available for peripheral oxidation by muscles, 
a net deficit in energy fuel must exist. That this deficit 
is made up by oxidation of branched chain ketogenic 
amino acids derived from intracellular protein is sug- 
gested by the moderate elevation of urinary nitrogen ex- 
cretion in the high flow septic patients and by a.similar 
finding of 13.1 g/24 hours in the series studied bv Duke 
et al? This view is supported by Fleck and Munro's 
findings that the nitrogen excretion during a negative bal- 
ance arises principally from muscle protein catabolism.?? 

The situation in regard to the blood insulin concentra- 
tion as well as the availability and uptake of fuel sub- 
strates in the extremity is very different in the low flow 
septic animals and patients who are unable to meet the 
high circulatory requirements. Here the blood insulin 
remains in the low range found in fasting and starvation. 
Doubtless this is due to the intense sympatho-adrenal dis- 
charge as indicated by tachycardia and the significant 
rise of vascular resistance in the legs of the animals and 
in the peripheral vessels of the patients.!* Catechola- 
mine concentrations as high as 75 ug/l have been ob- 
served in the low flow circulatory response to sepsis con- 
trasting with the more normal values of 10 „g/l in the* 
high flow state.!? Insulin secretion is reduced by alpha- 
adrenergic stimulation,*® and in shock states insulin 
secretion is low.1??? However, the glucose uptake stimu- 
lated by catecholamines in the low flow pigs remains nor- 
mal. Based upon the fact that two lactate molecules are 
derived from one glucose molecule during glycogenoly- 
sis it would appear that the major portion of the glucose 
taken up by the limb is converted to lactate. Since the 
oxygen uptake is only slightly and insignificantly reduced 
under these conditions, it appears that it is being utilized 
for the oxidation of fat. Low insulin levels favor lipolysis 
which is further stimulated by the presence of catecho- 
lamines. Calculation of the net fat uptake by the leg is 
essentially the same as that in starvation. Although fat 
is probably being oxidized, the conversion of the glucose 
to lactate means that only 2 ATP equivalents, very little 
energy, is being derived from glucose under these condi- 
tions. Thus, a rough estimate of the fuel deficit indicates 
that it is even greater than that encountered in the high 
flow state. That protein catabolism is in part making up 
for this and is reflected in the negative nitrogen balance 
amounting to 16 g/day in the low output septic patients. 

Regarding the lactacidemia in both groups of septic 
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patients and the elevated production of lactate in the 
legs of the low flow septic pigs, low tissue oxygen tension 
due to poor perfusion has generally been cited as the 
cause.?! However, in the animals oxygen uptake by the 
limb did not differ significantly from the starved state. 
The increased concentration of fatty acids may shift 
the equilibrium between NAD and NADH, favoring the 
conversion of pyruvate to lactate.** Schumer et al.5° 
and Drucker et al?? have suggested that an anaerobic 
type of block occurs in the aerobic oxidation of glucose 
after shock or endotoxemia. That this concept in shock 
may also be true in sepsis is the observation of redued 
muscle pyruvate dhydogenase (PDH), the enzyme com- 
plex in the energy producing pathways required for the 
conversion of pyruvate to acetyl CoA for aerobic oxida- 
tion in the tricarboxylic acid cycle. Comparing the ac- 
tivity of PDH in the diaphragms of fed, starved, and 
starved septic rats with induced peritonitis, a decrease 
approximately to one half was found in starvation, as ex- 
pected in the presence of low insulin values. However, 
the septic animals had PDH values of nearly one quarter 
that of the fed state despite the high blood insulin val- 
ues.*? 

Inability of the cardiovascular system to satisfy the 
elevated circulatory demand encountered in sepsis can 
be specifically attributed to certain well documented phe- 
nomena. Reduced blood volume secondary to transloca- 
tion of water and protein into the edema fluid and the 
interstitial space may reduce venous return, particularly 
during the onset of infectionJ??5 Peripheral pooling in 
‘tthe splanchnic bed of man appears unlikely.5* Right heart 
failure secondary to elevated pulmonary vascular resist- 
ance is recognized in the early phase of interstitial pneu- 
monitis and later when bronchopneumonia develops.1!t1* 
Clear cut evidence for left heart failure in sepsis is lack- 
ing except that experimentally myocardial depressant fac- 
tors have been described.34.57 

However, the low blood insulin values in the animals 
and patients with reduced cardiac outputs probably 
plays a role in the establishment of myocardial insuf- 
ficiency as shown by the marked response to the infusion 
of glucose, potassium, and insulin (GKI). That is phe- 
nomenon is not associated with an increase of blood vol- 
ume by the 50% glucose infusion was demonstrated by 
a series of preliminary experiments in septic pigs in 
which only a very moderate rise of cardiac output oc- 
curred in response to administration of the glucose so- 
lution. The high blood glucose level attained cannot 
be the major responsible factor either, as shown by the 
patient whose course is reproduced in Fig. 2. The hypo- 
tensive patients (Table 5) already had the very high 
blood glucose concentration which averaged 10.2 uM/ml. 

That insulin itself played a major role in converting the 
lów output to that of the high output state is indicated by 
the responses shown in Figs. 1 and 3 as well as by the 
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data in Tables 2 and 5. In the four patients in whom blood 
insulin measurements were made, the blood insulin rose 
on the average 200% from the lower average of 12 uU/ml. 


The decline of both right and left atrial pressures as . 


cardiac output went up nearly three-fold leaves little 
doubt that the myocardium was stimulated to greater 
contractility. Át the same time the total peripheral vascu- 
lar resistance declined in both patients and animals. Thus, 
it appears that catecholamine stimulation must havé been 
reduced in the peripheral vasculature. Except for the 
facts that limb oxygen uptake was not significantly altered 
and glucose uptake rose only slightly as limb flow rose in 
the pigs, little can be said concerning the effects of in- 
sulin on the peripheral metabolism. However, as shown 
by Fig. 2 a single treatment with GKI produced a lasting 
clinical improvement in which lactacidemia and produc- 
tion of lactate as indicated by leg A-V differences were 
reduced. 

The mechanism by which cardiac function is improved 
by GKI is not explained by the data available from this 
study. It is recognized that in hypoxic states the myo- 
cardium responds favorably to glucose potassium and in- 
sulin.?? Glucose transport and glycolysis are enhanced to 
produce ATP and other high energy phosphate bands by 
the conversion of glucose to lactate with significant im- 
provement in ventricular performance (56). Henderson 
et al?” have demonstrated that high circulating levels of 
free fatty acids depresses myocardial contraction for a 
variety of possible reasons including reduction of enzyme 
activity or by binding calcium. Whether there is an im- 
provement of metabolic activity or a restoration of cell 
membrane potential per se mediated by insulin directly, 
remains to be clarified in the septic state. 


Conclusions 


To explain the apparent abnormalities of fuel sub- 
strate utilization in the metabolism of energy production 
during severe infection and to correlate these findings 
with the circulatory behavior, the hypothesis is proposed 
that certain of the phenomena observed in the high out- 
put septic state may be protective mechanisms to pre- 
vent the hypoinsulinemia associated with cardiovascular 
insufficiency which characterizes the low output state. 
It is clear from many clinical and experimental observa- 
tions that a high cardiac output in response to the low 
peripheral vascular resistance evoked by major sepsis is 
essential to survival and recovery. The rise of cardiac 
output and fall of peripheral resistance of the hypotensive 
patients and animals after GKI is evidence that reduced 
insulin under these conditions may play a role in produc- 
ing the low flow state. 

The metabolic pattern in the hyperdynamic circulatory 
state contrasts dramatically with that found in the eco- 
nomic utilization of endogenous protein for energy in 
the starved state. Blood insulin is elevated in the starved 
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septic patients and animals to three fold that in normal 
starvation. The resistance of muscle to insulin observed in 
these studies of septic pigs appears to be related to 
proleolysis within the muscle cell to satisfy the energy 
fuel deficit which is occasioned by low fat and ketone 
availability associatetd with the normal lipogenic re- 
sponse of adipose tissue to the elevated blood insulin. 
Since only branched chain ketogenic aminoacids can be 
oxidized in the cell, the other amino-acids which are re- 
leased, principally alanine, must be transported to the 
liver for deamination and conversion to glucose. Gluconeo- 
genesis is a well documented function of glucagon 39.9: 
If, as suggested by Rocha et al.,*9 the pancreatic alpha 
cells are stimulated to secrete glucagon by elevated 
blood concentration of alanine, an explanation is offered 
for blood glucagon concentrations as high as 409 + 129 

pg/ml found by: his group and others??55 in the presence 
of infection. In turn, the beta cells of the pancreatic islets 
respond to the elevated glucose concentration in the 
blood thus leading to the high insulin levels observed in 
the high output septic animals. This series of responses 
may be conceived of as a protective mechanism to assure 
adequate glucose and insulin for its transport into the 
cells and for continued function of the vital nervous and 
cardiovascular system. 

Blackburn et al.*9 have shown that in the high output 
state, the starved septic state, the hyperinsulinemia and 
the prolonged severe proteolysis with the attendant wast- 
ing can be averted or ameliorated by infusion of an iso- 
tonic solution of aminoacids instead of glucose. The stim- 
ulation of insulin secretion is reduced. Lipolysis is 
inhibited to a lesser degree. With the greater availability 
of free fatty acids and ketones energy production becomes 


Y less dependent upon endogenous protein. The pattern of 


fuel utilization thus more closely approaches the normal 
pattern of simple starvation in which endogenous fat 
serves as the principal fuel source, Experience now indi- 
cates that negative nitrogen balances of as much as seven 
grams per day can be corrected by this regimen. This 
is very different from the treatment of the low output 
septic shock situation in which high doses of insulin with 
sufficient glucose and potassium to protect against hypo- 
glycemia and hypokalemia have been shown to restore 
cardiovascular competence. 

If for any reason continued high cardiac output fails 
during the septic course, the resulting circulatory insuf- 
ficiency results in sympatho-adrenal activity leading to 
a suppression of insulin secretion as occurs in shock of 
other types.?? Low blood insulin concentration, even in 
the absence of hypoxemia, appear to affect the myo- 
cardium adversely. The mechanism of this phenomenon 
in sepsis is not clear at the moment. However, it is ap- 
parent that a vicious circle is thereby established. With 
decreased perfusion and further catecholamine secre- 
tion, insulin secretion is further depressed, and presum- 
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ably myocardial insufficiency progresses. Suffice to say 
that restoration of the high blood insulin levels typical 
of the high cardiac output state by treatment with glu- 
cose 1 g/kg body weight, regular insulin 1.5 U/kg body 
weight, and 10 mEq of potassium has been demonstrated 
effectively to return cardiovascular function to a condition 
in which the essential high output can be maintained. 
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Discussion 


..Dr. Warrs R. Wess (Syracuse): I think there are several 
things of imortdnce here. Exactly why does one group fall into 


', the low output, and the other fall into the high output syndrome? 


Is it just a matter of cardiac failure? Dr. Clowes is using what 
Sodi-Polaris described as a polarizing solution of the glucose- 
potassium and insulin. Many of us have been using this for many 
years in heart failure cases of one kind or another, such as after 
cardiac surgery or for preservation of the heart for transplantation 
or in ischemic arrest at surgery. With this he is converting many 
of the animals who were definitely in cardiac failure into a normal 
or high cardiac output state, and then their metabolism seems to 
return toward normal Is the deficit, then, one of insulin or of 
oxygen delivery or of cardiac failure? 

‘The oxygen uptake in the leg appears to be comparable in all 
the states, which makes one wonder if the oxygen uptake in the 
leg actually reflects the oxygen uptake in the total body. With a 
cardiac index only about one-third of normal, it seems unusual that 
it should be reflective of the total body uptake. 

We have seen some very interesting situations in patients with 
extreme hyperdynamic states as a result of massive sepsis, and 
in these we have seen a cardiac output in the range of 301 per 
minute with blood pressures of 180/0. We and our cardiac con- 
sultants were fully convinced that the patients had developed an 
acute SBE and had overwhelming, acute aortic regurgitation. In 
fact, one of them had cardiac catheterization before any of us 
would be convinced that this did not represent aortic busafficiency 

I would like to ask Dr. Clowes, then: Is the hypodynamic state 
merely a late stage of the hyperdynamic state, or is it just a 
reflection of cardiac failure? 

And I would ask if glucose oxidation is blocked primarily by an 
oxygen deficit, or is this a manifestation of something more specific 
than a lack of insulin? Does the insulin blood level actually reflect 
the amount of insulin that's being secreted? 


Dr. Boyp W. Haynes, Jn. (Richmond): While: reading the 

abstract it occurred to me that some of the data that we have 
collected in the burn patient might provide further insight into 
the problem. I’m sure the audience recognized, George, that this 
is almost a unified field theory, and that you have added a sig- 
nificant in-depth understanding to the total problem of cellular 
and cardiovascular. function in sepsis. 
. (Slide) If you look at the hemodynamic response of the burn 
patient immediately following. his injury, you see that there is at 
first a low cardiac output which in time progresses in an almost 
straightline fashion toward excessive outputs. 

Measuring cardiac output up to two weeks or three weeks, one 
finds supernormal cardiac outputs, often 15 liters/min. As all of 
you are aware, the burn patient’s wound is his major problem, and 
infection occurring progressively is primarily responsible for the 
hyperdynamic state. 

At the same time, in following the increasing outputs, we 
observed alterations in carbohydrate metabolism too, much as 
Dr. Clowes has told you, in that often these patients had quite 
elevated blood glucose levels; and more recently we have observed 
that in the extremely seriously ill bum patient their blood cho- 
lesterol levels are extraordinarily low, which is not characteristic 
of all burn patients, but of the more severely burned. 

(Slide) Finally, these data were collected from three patients 
whom we studied in extremis and at a time when blood volumes 
were normal or supernormal, the mean blood pressures were all 
low. You will note that the cardiac indices in at least one of 
those patients were quite good—5.3 l/sqm./min.—in a situation 
characterized by circulatory collapse. | 

The addition of vasopressor—Levophed-—improved the blood 
pressure somewhat, but didn't significantly improve cardiac output. 


Dr. WiL.uiw R. Daccxer (Charlottesville): Dr. Clowes and 
his associates are to be congratulated for continuing to do some- 
thing that I believe is tremendously important in the field of 
studies of shock and sepsis; and that is, they are attempting to 
provide a correlation of basic biochemical, metabolic data with 
the physiological changes that occur. By this means, they provide 
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for those of us who are responsible for taking care of patients, 
through the physiological.information, clues as to how to monitór 
and keep an eye on what's happening to the patient, and through 
the biochemical data give us a better understanding of the 
rationale for the various therapeutic modalities that we choose to 
employ, in addition to—as an adjunct to—the basic modalities, 
such as surgery or re-infusion of volume or giving antibiotics or 
draining an abscess, and so forth. 

In this particular instance, Dr. Clowes is providing some very 
firm data which, if one follows his logic and will agree, with his 
interpretation, lends strong support to the idea that one under rare 
occurrences—but there are rare occurrences when one is justified 
in supplementing the therapeutic regimen by the infusion of 
glucose and insulin. 

I find this a dangerous concept, because of the dangers of 
giving insulin and the hypoglycemic shock that it can cause, 
which may be lethal, particularly in very sick and aged patients. 
However, my understanding is that Dr. Clowes reasons as follows: 
that these patients he has studied relate very much to the pigs 
that he used in his laboratory, and he can get similar data from 
the laboratory to what he finds in man; that there is a similar 
oxygen consumption in the fasting state as there is under the two 
kinds of sepsis, with a high output and a low output from the 
heart. 

I'm a little concerned, and would like Dr. Clowes to make one 
comment as to how, with the presence of fever, one finds the 
same oxygen consumption. But on the basis of the fact that there 
are no changes in oxygen consumption, Dr. Clowes moves ahead 
and says, if I understand him correctly, that one must find some 
other substrate to explain the rise in lactic acid; and he jumps 
to carbohydrate, which is the most logical cause. 

Well, then, if carbohydrate is being converted to lactic acid, 
under which circumstance it does not use oxygen, what is using 
the oxygen? Dr. Clowes postulates that it's protein, and this seems 
to me a very sensible postulate. But then I'm a little bit céncerned 
as to why, having developed this beautiful argument, he turns 
rght around and says the insulin and glucose infusion that he 
gives works by some effect on a membrane rather than by a 
restoration of the very metabolic defect that he has been able to 
demonstrate so nicely. | | "m 

Now, perhaps the time of observation was too short to be able 
to show any change in these metabolic alterations, but I would 
ask Dr. Clowes: After the infusion of his glucose and insulin in his 
pigs, and in the humans, was he able to show an increased con- 
sumption of glucose in the periphery? He began to show that in his 
next-to-last slide, I believe, but I didn't get a clear answer to that. 

Is there an increased consumption of glucose? And is there a 
reduced utilization of the protein? Or do we have to fall back 
on some effect of insulin on the membrane? If that is so, do we 
have any data in terms of electrocardiographic changes, in the 
electrolyte shifts, that would help support the idea that insulin 
in this particular instance is acting not through its provision of 
substrate, namely glucose, for metabolism, but by some specific 
effect on membrane potentials? 


. Dn. Georcr H. A. Crowxs: (Closing discussion): I very much 
appreciate the penetrating remarks of the discussors concerning 
this fascinating relationship of energy metabolism to the state of 
the circulation during the stress of sepsis. Their thoughts provoke 
more questions than can possibly be answered at the present state 
of our knowledge. 
To consider a very major problem posed by Dr. Webb, "Why 
do animals or patients fall into the high and low output group?" 
As we and others have pointed out before, the high cardiac 
output is the normal state of affairs for the seriously septic patient. 
Further, as in normal life, cardiac output is determined by circu- 
latory demand which in turn is established by the total peripheral 
vascular resistance. Whether the low resistance encountered in 
sepsis is caused by the presence of metabolites secondary to 
metabolic abnormalities, as suggested by the data presented today, 
or whether it be due to circulating peptides and other vasodilator 
substances, the fact remains that the mortality is very high among 
those in whom the cardiovascular system is unable to satisty 
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the high circulator demand. Then it is that catecholamine activity 
and vasoconstriction occur, A vicious cycle is established. Acidosis 
increases; and now, we see that circulating insulin is reduced in 
contrast to the high output state. In short, I believe that the low 
output state is an end stage of circulatory failure into which a 
patient may slip for a variety of causes: hypovolemia, reduced 
venous return, elevated pulmonary vascular resistance, heart 
failure, metabolic failure, or by other mechanisms which may 
suggest themselves. Unless the vicious cycle is broken by correct- 
ing one or more of the abnormalities, death will ensue. We are 
simply pointing out that hypoinsulinemia is a secondary abnormal- 
ity due to the "shock state" of low output sepsis which can be 
corrected. | | 

Dr. Haynes' data confirm these views on the high cardiac output 
demands in sepsis. He adds another aspect to the problem, and 
that is the extra caloric expenditure and secondary high circulatory 
demand in burns. Because of the huge heat loss, about one-half 
K calorie per ml of evaporated water, the. metabolic rate is often 
grossly elevated. Again death occurs if the cardiovascular system 
does not satisfy the very high circulatory requirements. However, 
I would question his use of Levophed to stimulate the flagging 
circulation. Vasoconstriction is not what is needed, rather B 
adrenergic stimulation of the myocardium. Therefore, a drug 
such as isoproteronol, in my view, would be niore appropriate to 
help break. the vicious cycle of. failing circulation. Perhaps in 
burns with circulatory insufficiency insulin, glucose, and potassium 
might be tried when all other corrective measures have failured. 

How insulin works on the failing myocardium under these 
conditions, I don't know. There seems little doubt that it does, 
since output rose while atrial pressures fell after its administration. 
Most of the research on the effects of insulin on the heart have 
been concerned with how it affects the ischemic and hypoxic 
myocardium. There it can be demonstrated that insulin raises ATP 
production by increasing both glucose uptake and lactate produc- 
tion. Wè have no evidence that hypoxia did or did not play a 
roll in the myocardial performance of the low output patients or 
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pigs. One can only speculate that either the metabolism was 
rapidly altered to increase energy production, or insulin produced 
an immediate change on the myocardial membrane to permit 
greater polarity and other ionotropic effects. 

Several important points were raised by Dr. Drucker. What the 
role of fever may be in establishing oxygen requirement in the 
leg we don't know, but it must be elevated, since the metabolic 
rate of the body as a whole rises 7% for each 1° F. elevation of 
temperature. He makes the point that oxygen supply may be 
sufficiently limited, that in the presence of an augmented demand, 
lactate would be produced. Only in the low flow state.do we 
find the leg producing lactate. This occurs despite the absence 
of a significant reduction of oxygen uptake. There are several 
explanations. First, my colleague, Dr. Thomas Ryan, has shown 
that contrasting with the normal fed and fasted situation in the 
septic state pyruvate dehydrogenase activity (PDH) of skeletal 
muscle is severely reduced. Since PDH is rate limiting a large 
potion of pyruvate cannot be converted to acetyl CoA of oxidation 
in the Krebs cycle. Pyruvate then can only be converted to 
lactate. Second, in the low output state fat uptake by the limb 
is great which alters the redox potential and also increases the 
lactate-pyruvate ratio. Thus, despite an apparently normal glucose 
uptake induced by catecholamines it is being inefficiently utilized 
anerobically. Oxygen apparently is used to oxidize fat, yet calcu- 
lations show a fuel deficit in skeletal muscle in both the high 
and low output states of sepsis, more pronounced in the latter. 
It is tempting to speculate that the fuel deficit in the skeletal 
muscle which appears to be the only tissue not responding nor- 
mally to insulin during sepsis may fall back on proteolysis and 
oxidation of branched chain amino acids. Alanine, arginine and 
other amino acids released by muscle proteolysis might then 
stimulate the secretion of glucagon, as suggested by Rocha, to 
induce greater hepatic glucogenesis, and further insulin secretion. 
This offers a pretty explanation for the well known phenomenon 
of proteolysis after trauma and sepsis. 
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cotic analgesic eliminate or reduce narcotic dosage 
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be administered to patients in shock, coma, acute 
alcoholic intoxication with depression of vital signs. 
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Candida Sepsis: 


Pathogenesis and Principles of Treatment 


H. HARLAN STONE, M.D., LAURA D. KOLB, B.S., CAMILLA A. CURRIE, R.N., 


Following the injection of Candida suspensions (10!°—107°/ 
ml) into various levels of canine and primate gastrointestinal 
tracts, cultures of tissue and blood confirmed that yeast do 
persorb across an intact intestinal mucosa. In contrast, nega- 
tive blood and organ cultures after similar Candida inocula- 
tion of canine muscle, fat, and granulating pouches seemed 
to refute the premise that yeast frequently invade from the 
colonized wound. Only mesothelium was as penetrable to 
Candida as the bowel. Liver and other tissues functioned 
somewhat as filters and thereby prevented peripheral venous 
cultures from being positive with any consistency. Infusions 
of Candida (10?—10!*/ml) into the mesenteric veins of dogs 
and monkeys demonstrated clearance ratios of 10,000 to 1 
for liver and 100 to 1 for most other organs and tissues. 
Results suggest that Candida usually invade from colonized 
intestine and that arterial or right atrial blood cultures are 
of greater diagnostic value than the routine venous sample. 
Treatment always demands that antibiotics be discontinued 
immediately and that foci responsible for yeast invasion be 
eradicated by removal of the intravenous and institution of 
oral antifungal drugs. Application of such conclusions in the 
prophylaxis of 243 randomized burns and in the manage- 
ment of 58 cases of Candida sepsis are described. 


N RECENT YEARS, Candida sepsis has become one of the 
| more common forms of hospital acquired infec- 
tions.*19.19.222$ Yeast colonization is prone to occur not 
just in the patient with diabetes mellitus, a condition pre- 
viously believed almost to be an absolute prerequisite, 
but also may develop in any individual receiving oral or 
systemic antibiotics,?? when steroid, cytotoxic, or immuno- 
suppressive agents are being administered,!???! and co- 
- incident to the prolonged use of an intravenous cutdown 
for parenteral hyperalimentation.*?*! The greater inci- 
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dence of reported Candida infections now noted is prob- 
ably also the result of our greater awareness of its pres- 
ence, plus the increasing application of newer techniques 
and more potent drugs that favor its evolution. 

For a prompt and correct diagnosis of Candida sepsis, 
the true pathogenesis of systemic yeast infection in the 
surgical patient must be more clearly understood. Only 
then can treatment be both appropriate and instituted 
early enough when the process is still reversible. Perhaps 
even prophylaxis against this lethal type of superinfec- 
tion should be given routinely to those patients known 
to be highly susceptible. 

The following communication begins with a retro- 
spective review of 58 cases of generalized Candida sepsis 
that occurred on the surgical services at Grady Memorial 
Hospital during the 10-year period between July 1, 1963 
and June 30th, 1973. Unfortunately, in the earlier years 
fungus cultures were seldom obtained except by special 
request, and these were primarily for identification of 
mycotic species causing various epidermophytoses. Thus, 
many instances of Candida infection undoubtedly were 
overlooked. 

Next are presented summaries and interpretations of 
experimental data related to various potential portals of 
Candida invasion as well as methods whereby the host 
can rid himself of circulating yeasts. Problems in obtain- 
ing culture confirmation of the diagnosis of disseminated 
candidiasis are then described, and this is followed by a 
discussion of what now appears to be the basic principles 
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of therapy. Finally, indications and rationales for pre- 
ventive treatment against Candida sepsis are detailed, to- 
gether with results noted from a randomized clinical 
study of oral nystatin prophylaxis in 243 victims of major 
burns. 


Clinical Review 


The 58 patients ranged in age from five days to 72 
years, with an average of 18.7 years. There were 35 males 
and 23 females. Signs and symptoms of Candida sepsis 
were first noted between the 13th and 48th hospital day. 

Approximately a third of the patients had sustained a 
major burn involving greater than 50% of the body surface 
(Table 1). An almost equal number had developed sig- 
nificant intra-abdominal infections, of which eight were 
associated with an intestinal fistula (one duodenal, four 
jejunal, two ileal, and one sigmoid colon). Necrotizing 
infections of massive non-thermal wounds were present 
in five patients. Other conditions included five children 
and two adults with a short bowel syndrome for which 
intravenous hyperalimentation had been instituted, two 
postoperative newborns who had undergone correction 
of a small bowel atresia, five patients with leukemia, two 
other children with severe hypogammaglobulinemia, and 
an elderly woman with an advanced stage of metastatic 
breast cancer. 

The’ clinical presentation of Candida sepsis in all pa- 
tients except those infections caused by contamination of 
intravenous setups was that of a prolonged gram-negative 
septicemia that had failed to respond to any combination 
of abscess drainage, wound debridement, and administra- 
tion of large doses of systemic antibiotics known to be 
reliably effective against gram-negative pathogens. Tem- 
peratures ranged between 101 F and 105 F, yet fevers 
were relatively sustained in contrast to the usual hectic 
temperature curves seen in most gram-positive and in 
some gram-negative infections. The white blood count 
was greater than 16,000/mm? in all but four of the pa- 
tients. Microscopic examination of centrifuged urine 


TABLE 1. Candida Sepsis 
(Grady Memorial Hospital: 1963-1972) 





Number Died Mortality 

Major Burn (over 30% BSA) 19 14 74% 
Abdominal Abscess 22 8 36% 

GI fistula with abscess 8 

Intra-abdominal abscess 6 

Wound infection 5 

Pancreatic abscess 3 
Hyperalimentation IV 7 2 29% 
Newborn (post-op bowel atresia) 2 1 50% 
Altered R.E. System 8 7 88% 

Leukemia 5 

Hypogammaglobulinemia 2 

Cancer chemotherapy 1 
Total 58 32 55% 
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TABLE 2. Conditions Favoring Candida Overgrowth 
(58 patients with Candida sepsis) 


Intestinal bacterial competition eliminated 56 
parenteral antibiotics 54 
oral antibacterial 17 

[ntravenous catheter 12 
long term 11 
deep venous channel 9 

Increased extracellular glucose concentrations 10 
hypertonic glucose infusions 7 
diabetes mellitus 3 


specimens revealed budding yeast in every case. All 
wound cultures and even some of the blood cultures had 
previously been positive for one or more of the more 
common bacterial pathogens. 


Without culture evidence to support the diagnosis of x 


a generalized Candida sepsis in these patients, only two 
aspects of their clinical presentation suggested the possi- 
bility of fungus superinfection. The first was a hospital 
course of chronic gram-negative sepsis that had failed 
to be eradicated or controlled by what appeared other- 
wise to be effective measures. The second clue was a 
general condition that favored the overgrowth of yeast 
(Table 2). All but two of the 58 patients had received 
intensive antibiotic therapy, 11 had had continuous and 
long term infusions of glucose containing solutions that 
had been administered directly into a deep venous chan- 
nel in nine of them, and another ten of the patients had 
been maintained in a constantly hyperglycemic state by 
hypertonic glucose infusions or because of poorly con- 
trolled diabetes mellitus. 

It must be emphasized that to have been included in 
this case review each patient had had their yeast sepsis 
confirmed by at least one positive culture for Candida 
albicans from the blood and/or tissues of organs distant 
to any open wound. The value of a given culture in the 
diagnosis of Candida sepsis varied with respect to the 
source from which the sample was taken (Table 3). 
Urine contained Candida in each of the 57 patients 
where urine was examined. Likewise, cultures of muscle, 
subcutaneous fat, or intra-abdominal organs at the time 
of radical wound debridement or autopsy were consist- 
ently positive for yeast. Except in those cases where it 
was believed fungal, sepsis arose from a contaminated 
intravenous catheter, the stool of such patients contained 
Candida albicans as well. Blood for culture taken from 
an artery was always positive. In contrast, only a little 
more than half of the venous blood cultures grew yeast, 
irrespective of whether these same patients subsequently 
responded to antifungal therapy or were proven by cul- s 
ture of arterial blood, excised tissues, or necropsied or- 
gans to have had disseminated candidiasis. Samples 
taken from the exudate of an infected wound not caused 
by a burn were seldom positive, that is, unless the 
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TABLE 3. Proportion of Cultures Positive for Candida 
(58 patients with generalized candidiasis) 

















Source Positive/Number Per cent Positive 
Urine 57/57 100 
Tissues* 26/26 100 
Arterial Blood 15/15 100 
Stool 24/28 86 
Sputum 12/20 60 
Venous Blood 33/58 Ss] 
Wound. 17/58 29 











* At autopsy or from surgical specimen 


wound culture was based on material obtained from 
an area recessed well beneath the wound surface, from 
portions of the wound bathed by intestinal juices, or 
from the tip of an intravenous catheter. Whenever a 
contaminated infusion set was the cause of Candida 
sepsis, cultures of the responsible intravenous catheter 
were always positive for yeast. 

Treatment specific for generalized candidiasis was 
never given to 14 patients, since the correct diagnosis 
was made only through cultures of tissues or blood ob- 
tained at autopsy or by ante mortem blood cultures be- 
ing reported subsequent to the individual’s death (Table 
4). Of the remaining 44 cases, 23 had received oral 
nystatin alone, nine had been treated only with systemic 
amphoteracin B, and seven had been given both oral 
nystatin and intravenous amphoteracin. Of these treat- 
ment routines, administration of an oral antifungal agent 
seemed to be of greatest importance. Systemic antibac- 
terial agents were discontinued in only 38 of the patients; 
none survived unless such drugs had been stopped. 

The immediate cause of death was Candida sepsis 
in 26, the apparent combination of Candida and gram- 
negative bacterial sepsis in three, and culture proven 
recurrent Pseudomonas septicemia in three burn patients 
(Table 5). Nevertheless, varied clinical patterns included 
protracted septic shock in 26, a bleeding diathesis in 
seven, acute renal failure in six, and stress ulceration of 
the gastrointestinal tract in two. It appeared that as if 
once systemic candidiasis had become established, any 
combination of several different complications of septic 
shock could then develop. 


Portals of Yeast Invasion 


Conditions that have been reported to favor a pre- 
dominance of Candida albicans in local microbial flora 
include significant elevations in extracellular glucose con- 
centrations (as noted with hyperosmolar carbohydrate in- 
fusions and in patients with diabetes mellitus ), the elimi- 
nation of bacterial competition following the oral or 
parenteral administration of antibacterial agents, and an 
impairment in general resistance to infection because of 
steroid, immunosuppressive, or cytotoxic drug therapy, 
the stress response, hematologic malignancies, and the 
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TABLE 4. Treatment of Candida Sepsis 
(58 patients with systemic candidiasis) 
Mortality 
Number Died (%) 
Discontinuation of IV "feeding" 
(without other therapy) 5 l 20 
Oral nystatin alone 23 6 26 
IV Amphoteracin B only 9 1 78 
Both nystatin and amphoteracin 7 4 57 
None (diagnosis at autopsy) 14 14 — 
Total 58 32 55 


open surgical wound. !-*95.7.5.10—12,14-17,19-23,26,27,29—51,33—-35, 
37,38,41 Of these several conditions, it would appear that 
prior treatment with an antibiotic effective against gram- 
negative bacteria is the most important of all predispos- 
ing factors 1,4,5,7,5,10—-12,11-17.19,20,21,23,26,27,29—31,33—35,37,41 
Nevertheless, a portal that will permit subsequent in- 
vasion of the colonizing yeast must be easily accessible to 
the site of Candida growth. 


Contamination of Intravenous Apparatus 


Candida colonization of intravenous solutions, infu- 
sion tubing, or the wound through which the intravenous 
catheter passes to reach a deep venous channel leads to 
a continual seeding of yeast into the blood stream, 
thereby causing a mycemia potentially capable of pro- 
gression into true fungal septicemia.5?*.*! Such a series of 
events has become one of the more common complica- 
tions of intravenous hyperalimentation. When evidence 
of systemic infection has occurred in these cases, approxi- 
mately half have been due to colonization of the intra- " 
venous catheter by Candida albicans or some closely re- 
lated species of fungus. 

Overall, invasion of yeast via a contaminated intra- 
venous line has accounted for almost a fifth of the re- 
ported cases of Candida sepsis*?**! and was similarly 


noted in seven of the 58 patients herein reviewed ( Table 
1). 


Colonized Wounds 


Surgical and burn wounds have frequently been as- 
sumed to be the prime foci responsible for systemic 
Candida infections, irrespective of whether or not there is 


TABLE 5. Cause of Death 


Infectious Process 
Candida sepsis 26 
Candida and bacterial sepsis 3 
Pseudomonas Sepsis 
Terminal Episodes 
Septic shock 2 
Bleeding diathesis 
Acute renal failure 
Stress ulcer 
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also a direct communication with some major vascular 
channel.!?.25.9? In fact, several investigators have stressed 
the great importance of wound cultures specific for fungi 
in patients with extensive thermal burns suspected of 
having Candida septicemia.!??" Rarely has there been, 
however, a predominance of yeasts in the purulent exu- 
date discharging from the burn wound.!? For consistently 
positive fungal cultures in cases of disseminated candidia- 
sis, resort must usually be made to actual biopsy of tissues 
deeper invasion of yeast from the burn wound certainly 
may occur, subcutaneous tissues directly under the burn 
contain a population of Candida in no greater concen- 
tration than is generally found in other tissues more re- 
mote to the site of burn injury. In addition, almost never 
can a correlation be made between density of Candida 
organisms in the burn exudate and likelihood of dissemi- 
nated candidiasis being present or developing in the 
immediate future.!? 

To test wound permeability to sudden colonization 
by actively dividing yeasts, 25 ml of a saline suspension 
containing Candida albicans at concentrations of 1095, 
10'°, 10'°, and 10??/ml were injected: 1) intravenously, 2) 
into previously established sterile granulating pouches, 
3) and into several different tissue planes in the thighs 
of 91 anesthetized mongrel dogs. Through an aseptic 
thoraco-abdominal incision, cultures for yeast were taken 
from the ipsilateral iliac vein, the liver, inferior vena 
cava, the lung, aorta, urine, the rectus abdominus muscle, 
and contra-lateral iliac vein just prior to the injection 
and every 20 minutes thereafter during a four hour pe- 
e riod of observation (Fig. 1). Blood and tissue specimens 
were immediately plated on Pagano-Levin media (con- 
taining neomycin) and incubated for seven days at 37 C. 
Speciation was then done on all fungal isolates. 

Only rarely was a positive culture obtained from 
animals receiving their injection subcutaneously or intra- 
muscularly (Fig. 2). No fungal invasion could be de- 
tected from a granulating wound, although injection into 
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Fic. 1. Invasion of Candida albicans from fresh and granulating 
wounds, Numbers indicate the sites used to obtain culture samples. 
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PROPORTION OF DOGS WITH BLOOD OR TISSUE 
CULTURES POSITIVE FOR CANDIDA ALBICANS 
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Fic. 2. Results of cultures surveying the dissemination of Candida 
albicans after injection of yeast suspensions into various tissue 
planes. 


Intrapleural 


Intravenous 





an area of cellulitis permitted yeast entry into blood 
vessels only at the highest concentrations used. Serosa 
was an effective barrier only at the lower concentrations, 
that is populations of fungi below 10'°/ml. As expected, 
the intravenous administration of yeast gave an immedi- 
ate dissemination of Candida throughout the body. 

These data appear to indicate that Candida rarely if 
ever acutely invade from the colonized wound. Although 
yeasts growing in various types of surgical wounds essen- 
tially never reach the population densities created in 
these experimental animals, passage into vascular channels 
was almost solely limited to those dogs given injections 
directly into a vein, into hyperemic muscle, or into a 
serosa-lined cavity. On the other hand, Candida invasion 
from the chronically infested wound certainly may be 
possible, even though cultures of the pocketed fungal 
suspensions taken a day or so later consistently failed 
to demonstrate viable yeasts in any of the dogs so studied. 
Thus, it would appear that the invasion by Candida 
albicans from the fresh or granulating wound is not likely 
for any given case, despite the fact that such still remains 
a real possibility. 


Persorption from the Intestinal Tract 


A less obvious route for the inoculation of yeast into 
the blood stream occurs when Candida reach vascular 
channels by migration across the intestinal mucosa. This 
phenomenon of the paracellular passage of large particles 
through an intact epithelial lining of the gastrointestinal 


^X 


x 


Vol. 179 * No. 5 


tract was first described more than 100 years ago and has 
recently been termed persorption by Volkheimer and 
Schulz.**:4° The actual invasion of yeast across the mu- 
cosal barrier of small intestine in dogs was initially re- 
ported by Fisher!? in 1930 and has since been confirmed 
by Stone.?* The only absolute documentation of such an 
event occurring in many was reported by Krause, Matheis, 
and Wulf.!* The single subject of this study was a healthy 
volunteer, in fact one of the authors of their communica- 
tion, who drank a saline suspension containing 10'* cells 
of Candida albicans. Two hours later, he developed signs 
and symptoms suggestive of septicemia, including chills, 
headache, and high fever. The administration of a ca- 
thartic and oral nystatin apparently gave an almost im- 
mediate remission. Blood cultures taken at three and six 
hours following Candida ingestion were positive for 
yeasts as was urine obtained 15 minutes prior to and 
15 minutes after the third hour. Subsequent urine and 
blood cultures were consistently negative for Candida 
albicans. 

To reconfirm the persorption of viable yeasts across 
intestinal mucosa of normal mammals, 25 ml of a saline 
suspension of Candida albicans, at concentrations of 1079, 
10!5, and 10°°/ml, were injected into the lumen of the 
stomach, jejunum, or descending colon of 43 anesthetized 
mongrel dogs. Through the same aseptically created 
thoraco-abdominal incision, fungus cultures of portal 
venous blood, liver, suprahepatic inferior vena cava, lung, 
aortic blood, urine, rectus, abdominus muscle, and infra- 
hepatic inferior vena cava were taken just prior to the 
injection and at half hour intervals during a four hour 
period of observation (Fig. 3). Similar plating, incuba- 
tion, and speciation routines were used as detailed above. 

Growth of yeasts from the areas sampled demonstrated 
that Candida can freely migrate across the mucous mem- 
brane and into the portal vein of the dog at all levels of 
the abdominal intestinal tract, provided that a concen- 
tration of fungi of 10'*/ml or greater is reached (Fig. 4). 
However, the dog is a carnivore and seldom ingests vege- 
table matter that might harbor yeasts. Accordingly, it 
seemed warranted to carry out the same set of experi- 
ments on a herbivorous animal more closely akin to man. 

A study identical in methodology was then performed 
on 21 healthy rhesus monkeys, with any acute persorption 
of fungi being determined from cultures obtained during 
the four hour period immediately following the injection 
of yeasts (Fig. 3). Subsequent observation provided the 
opportunity for sampling the same animals at necropsy 
after a septic death or at termination of the experiment 
by sacrifice. 

Acute persorption in the rhesus monkey only followed 
the injection of yeasts into the jejunum (Fig. 5); yet 
this event consistently took place even at the lowest con- 
centration used, i.e., 10!? fungi/ml (Fig. 6). Failure of 
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Fic. 3. Persorption of Candida albicans across the mammalian in- 
testinal mucosa. Numbers indicate sites used to obtain culture 
samples. 


veasts to migrate across stomach and colon mucosa may 
well be species specific or dietary related, although 
studies of Montgomery and co-worker have revealed a 
fungicidal action of human gastric secretions, bile, and 
pancreatic juice.?*?5 In addition, the bacterial flora of 
primate colon may be so effective in killing such large 
numbers of Candida as to make persorption minimal and 
undetectable.15.16.50.35 

Late cultures demonstrated that Candida reaching the 
jejunum are routinely persorbed and are then distributed. 
throughout the viscera of the primate (Fig. 6 ). Any yeasts 
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Fic. 4. Results of cultures surveying the dissemination of Candida 
albicans after injection of yeast suspensions into various segments 
of the canine intestinal tract. 
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administered distal to the small intestine failed to in- 
vade, again stressing the important role of bacterial 
Hora at controlling the yeast population in the large 
bowe],15.16.25,30,35 

Provided that careful and appropriate culture methods 
are used, Candida albicans can be isolated from the stool 
eof almost all humans.!^ Nevertheless, significant bowel 
concentrations of yeast seldom develop sn fene the sup- 
pressive effect of intestinal bacteria has been curtailed 
by the administration of an oral or parenteral anti- 


PROPORTION OF MONKEYS WITH BLOOD AND TISSUE CULTURES 
POSITIVE FOR CANDIDA ALBICANS 
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Fic. 6. Results of cultures surveying the dissemination of Candida 
albicans after injection of yeast suspensions into various se gments 
of the monkey intestinal tract. 
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Fic. 5. Persorption of 
Candida albicans across 
the jejunal mucosa of the 
monkey.  Photomicro- 
graph (x43) of a sec- 
tion taken through the 
proximal jejunal wall, 
stained with para-amino- 
salicylic acid. 


biotic!5.19.30,35 The critical factor does not appear so much 
to be an overgrowth by Candida albicans as it is an abso- 
lute minimal concentration of fungus before persorption 
across the mucosa can occur.?*25»55 The bacterial popu- 
lation is of importance only because of its role in actual 
destruction of intestinal Candida.!5.16.25,30,35 

The extremes of the human alimentary canal, i.e., the 
mouth and rectum, have the greatest incidence of har- 
boring easily recoverable species of Candida.?? In con- 
trast, that segment of the intestinal tract with the lower 
rate of yeast colonization is the jejunum,** fortunately 
the very level at which fungal persorption most readily 
occurs in the primate. Mere hospitalization will increase 
both the incidence and magnitude of colonizaton,** and 
such is significantly increased by the oral or parenteral 
administration of any antibacterial drug. 19.16.00,98,85 
Prompt discontinuation of all antibiotic medications and 
the administration of most oral antifungal agents will 
reverse this dominance of yeasts over bacterial par- 
ticipating in the microbial population of the bowel. 
However, return to a normal bacterial flora is never 
complete, irrespective of other therapeutic measures, 
unless all antibacterial drugs have been stopped.*® 

It thus appears that even in the absence of recognizable 
disease, any marked increase in the intestinal population 
of Candida, whether consequent to the ingestion of fungus 
suspensions or an overgrowth of veast in the intestinal 
tract secondary to antimicrobial therapy, can lead to 
fungal persorption as well as a transient period of my- 
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cemia.! 539! Continuation of this transmucosal invasion 
by fungi may not only lead to symptoms of Candida 
sepsis, but can also eventuate in the development of 
lethal Candida septicemia and its attendant disseminated 
candidiasis. 


Other Potential Sources for Invasion 


The respiratory tract, especially the upper airway, has 
been incriminated by several investigators as an important 
portal for yeast invasion??? Candida pneumonia and 
lung abscess are both uncommon, and almost never can 
either be convincingly proven to represent the initial 
focus from which a more generalized yeast infection has 
developed. Indeed, the mouth and upper respiratory 
flora usually contain an assortment of fungal species that 
include Candida albicans. It is only after therapy with 
an antibacterial agent particularly effective against gram- 
positive cocci that yeast become dominant and can then 
produce a fungal infection such as thrush.?^ Nevertheless, 
disseminated candidiasis is rarely associated with oral, 
pharyngeal, or tracheobronchial moniliasis alone. 

The urinary tract is another area that has been suspect 
as providing a mode for fungal entry.???9? Most of the 
evidence favoring an origin from the kidney or bladder 
has accrued because of the almost uniform colonization 
of the urinary tract in all cases of generalized yeast sepsis. 
At present, however, Candida are believed to reach the 
urine almost entirely by hematogenous seeding from some 
distant focus of infection or by contamination and then 
retrograde migration along an indwelling urinary cathe- 
ter.'*?* The study reported herein certainly indicates 
the plausibility and supports the thesis of a blood-borne 
origin. 

Few other portals for yeast invasion have been pro- 


posed. 
Elimination of Candida by the Host 


The sudden improvement of patients with disseminated 
candidiasis to the mere cessation of an inadvertant yeast 
infusion, assuming fungal contamination of the intra- 
venous set to be responsible for their sepsis, has been 
difficult to explain, particularly when no antifungal agent 
has been administered.^?**! Even more amazing has 
been the almost immediate disappearance of culturable 
yeasts from body fluids, secretions, and tissues in these 
cases, when only a few hours before such were heavily 
laden with multiplying Candida. 

Obviously, mammals, and in particular healthy humans, 
are not ideal hosts for infestation by Candida albicans. 
Nevertheless, yeast infections do occur in man, and these 
are by no means always so rapidly reversed as by simple 
termination of fungal entry from a contaminated intra- 
venous set as was cited above. Certainly one or more 
mechanisms must be responsible for eliminating Candida 
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that have not only already invaded but that are actively 
invading even at the present time. Such would appear to 
be most critical with respect to yeasts that have been 
persorbed through the intestinal mucosa and then even- 
tually reach the portal venous system. 


Yeast Infusion into the Portal Vein 


To determine the fate of invading and actively cir- 
culating fungi, saline suspensions of Candida albicans in 
ten-fold concentrations from 10? to 10!5 organisms/ml 
were infused at a rate of 1 ml/minute into the portal 
vein of 18 anesthetized mongrel dogs. Just prior to start- 
ing the infusion and at 10-minute intervals over the en- 
suing four hours, fungus cultures were taken through a 
sterile thoracoabdominal incision of portal venous blood, 
liver, suprahepatic inferior vena cava, lung, aortic blood, 
urine, rectus abdominus muscle, and infrahepatic in- 
ferior vena cava (Fig. 7). After baseline cultures had 
been obtained, the concentration of Candida in the in- 
fusion was increased by a factor of 10 every 20 minutes. 
Methods of culture, incubation, and speciation were 
identical to those used in the experiments previously 
described. 

Results demonstrated that, when the quantity of yeasts 
in the affluent hepatic flow was compared to their num- 
ber in the corresponding effluent, liver clears Candida 
from portal venous blood at a ratio of 10,000 to 1 
(Fig. 8). Passage of blood through the lung removed 
only a relatively few yeasts. More peripheral tissues, 
such as striated muscle and the kidney, provided addi- 
tional areas for filtration at ratios of 10 and 100 to Lh. 
respectively (Fig. 9). 

Such data appear to explain why antemortem venous 








Fic. 7. Infusion of suspensions of Candida albicans into a major 
branch of the portal vein. Numbers indicate the site used to obtain 
culture samples. 
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PROPORTION OF DOGS WITH CULTURES 
POSITIVE FOR CANDIDA ALBICANS 
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Fic. 8. Results of cultures surveying the clearance of Candida 
albicans, infused into a major branch of the canine portal vein, 
from the blood on subsequent passage through various organs. 


blood cultures, drawn to confirm the clinical diagnosis 
of candidemia, should be obtained from a peripheral 
artery or the right atrium in order to minimize any in- 
fluence of this "tissue filtration" phenomenon. 
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Fic. 9. The relative efficiency of several different organs in clear- 
ing intravenously infused suspensions of Candida albicans from the 
circulating blood. 
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More important, however, is a demonstration of the 
great protective role of the liver. Essentially all Candida 
reaching the portal vein are efficiently removed, much 
more so than by any other organ similarly studied, that is 
as long as the hepatic sinusoids are not challenged by 
too great a concentration of yeasts (Fig. 9). Apparently 
it is this ability of the liver to clear fungi from the blood 
that prevents systemic candidemia from becoming a rela- 
tively frequent occurrence. 

Such filtration is not accomplished by Candida being 
trapped in the capillary circuit; it is the result of active 
fungus ingestion by the phagocytes, i.e., Kupffer cells, 
lining the hepatic sinusoids (Fig. 10). These findings 
were noted not only in the 18 dogs subjected to the 
infusion study, but also in 3 rhesus monkeys used in 
similar experiments. 


Candida Phagocytosis by the Reticuloendothelial System 


Although the kidney clears circulating yeasts by true 
filtration through the glomerular tuft, most other organs 
remove Candida at rates somewhat parallel, and perhaps 
entirely dependent upon, the number of phagocytes they 
normally contain. Essentially all tissues play some role 
in this “physiologic filtration,” and yeasts can readily be 
seen to be trapped within their fixed histiocytes (Fig. 11). 
As with other infectious disease states, the reticuloendo- 
thelial phagocyte is a major component in the defense 
mechanism used to protect the host from invading 
yeasts, 2842.84.06 

It is well known that any congenital or acquired condi- 
tion that impairs the normal function of the reticuloendo- 
thelial system significantly predisposes the patient toward 
the development of a serious and recalcitrant infection.?? 


This is especially true with respect to the evolution of ~« 


Candida sepsis. Such derangements in the reticuloendo- 
thelial system have been shown to be caused by bacteria] 
toxins,” stress,?* agents used in cancer chemotherapy, 5. 
10.23.29 malignancies of the reticuloendothelial system it- 
self, 5 adrenal steroids,? 59.22.31 radiation therapy,?0.36 
and immunosuppressive drugs.!*!2?7 Nevertheless, it is 
still uncertain as to whether the major problem attendant 
to these conditions is defective phagocytosis or a malfunc- 
tion of some other component of the reticuloendothelial 
system. 

To better define what influence various medications 
and toxins might have on the phagocytic capabilities of 
the hepatic Kupffer cell, yeast infusions into the portal 
vein, quite similar to what had been done previously, 
were carried out on 58 anesthetized mongrel dogs. Ten- 
fold increases in the concentration of Candida albicans 
in a saline suspension were made every 20 minutes, going 
from 10? to 10!*/ml. Again, the administration was at a 
rate of 1 ml/minute. Methodology for taking cultures 
(Fig. 7), plating specimens, incubation of inoculated 
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Fic. 10. Photomicrograph 
(X97) of the liver of a 
monkey. Infused Candida 
albicans can be seen 
lodged within Kupffer 
cells lining the hepatic 
sinusoids. Stained with 
para-aminosalicylic acid. 
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media, and speciation of isolates were also the same. On completion of this infusion, another set of baseline 

After initial cultures had been obtained, the drug or cultures was taken and the splanchnic infusion of pro- 
toxin to be tested was administered in saline or distilled gressively increasing concentrations of Candida was be- 
water directly into a major branch of the portal vein gun. Medications tested included a control of normal 
over a period of one hour and at a rate of 1 ml/minute. saline (60 ml), the antibiotic gentamicin sulfate (500 


Fic. 11. Photomicrograph 
(x97) of the lung of 
a monkey. Previously in- 
fused Candida albicans 
can clearly be seen to 
have been ingested by 
perivascular histiocytes. 
Stained with para-amino- 
salicylic acid. 





e 
106 
mg), the adrenal steroid methylprednisolone (3 gm), a 
suspension of Pseudomonas exotoxin (equivalent to the 
slime toxin coating 10! Pseudomonas aeruginosa), the 
antimetabolites vincristine (5 mg) and 5-fluorouracil 
(3 gm), and the antifungal drug amphoteracin B 
(100 mg). 

Cultures were analyzed on the same basis as had been 
used before, i.e., affluent-effluent differences in yeast con- 
centrations on blood culture, and revealed no significant 
deviations from the previously noted observations with 
the exception of varying degrees of efficiency of the 
"physiologic hepatic filter" (Figs. 8 and 12). Pre-treat- 
ment with gentamicin and amphoteracin gave results 
almost identical to those of the saline controls (Fig. 12). 
Both of the antimetabolic drugs as well as Pseudomonas 
exotoxin markedly reduced the yeast-clearing capacity of 
the liver down to a ratio of between 100 and 1000 to 1. 
Administration of adrenal steroids, however, caused the 
greatest impairment to yeast extraction, as the ratio of 
Candida contained in affluent to effluent hepatic venous 
blood fell to almost 10 to 1. 

Although the drug and toxin doses used in these acute 
experiments were quite large, still their adverse influence 
cannot be denied. The data certainly do indicate that at 
least one major role of such events if not the sole responsi- 
ble factor, in predisposing patients toward the develop- 
ment of Candida sepsis is an inhibition of normal phago- 
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Fic. 12. Influence of various drugs on the ability of the hepatic 
histiocytes to extract Candida albicans from suspensions of yeasts 
infused into a major branch of the canine portal vein. Log of dif- 
ferences in yeast content between affluent and effluent hepatic 
blood are cited by dots for the individual dog and shaded bars 
for the average of the treatment group. 
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cytosis. Yeasts that would otherwise be extracted 
immediately from the circulation remain in the blood 
stream until their eventual lodgement in peripheral tis- 


sues, thereby establishing a potentially lethal dissemi- + 


nated candidiasis. Actual propagation of yeasts in the 
blood is only a near terminal event. 

The net result is a balance between quantity of invad- 
ing fungi and capacity of the reticuloendothelial histio- 
cytes to remove them. An excess of yeasts or an impair- 
ment in phagocytosis then leads to candidemia, while 
frank Candida sepsis generally develops when both of 
these factors are present. The administration of antibiotics 
permits an overgrowth of fungi and accordingly generates 
a more massive inoculation to be handled by the reticulo- 
endothelial cell. It is here that stress, radiation, bacterial 
toxins, and various antimetabolic, immunosuppressive, 
and steroid drugs become so important by their role as 
depressors of the phagocytosis mechanism. 


Diagnosis 


Whenever seemingly appropriate therapy—be it anti- 
biotics, drainage, or both—fails to reverse or control an 
infectious process, Candida sepsis should be considered 
the possible initial cause of the condition or, what is 
more likely, to have become a complicating secondary 
invader.*19.19,22.?6 Often the patient is debilitated; usu- 
ally there has been some medication or other factor that in 
some way has compromised reticuloendothelial function; 
while almost always the patient has been given parenteral 
antibiotics in the form of either an aminoglycoside or 
some other agent that possesses a relatively broad anti- 
bacterial spectrum.?? Exceptions to this clinical presenta- 
tion are primarily confined to those cases where an intra- 
venous alimentation catheter has been maintained for 
long periods of time or when chronic monitoring of cen- 
tral venous pressure has been required.5?7! On occa- 
sions the patient has already progressed into a state that 
mimics gram-negative shock, yet he neither responds to 
therapy specific for bacterial sepsis nor does he shortly 
thereafter succumb to the combined effects of shock and 
sepsis as would have been expected. Unfortunately, all 
too often it is not until this juncture in the patient's course 
that the possibility of Candida sepsis is first suggested. 

Since the treatment of disseminated candidiasis de- 
mands that all antibacterial medications be stopped and 
yet such abrupt termination of antibiotic therapy in the 
patient with a serious bacterial infection might prove 
dangerous or even lethal, more than a mere suspicion of 
candidemia is needed to support any change in anti- 
microbial therapy.'! A valuable aid in the resolution of 
this quandry is the microscopic examination of the pa- 
tients urine for the presence of Candida albicans. Cir- 
culating yeasts, regardless of whether due to a transient 
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mucemia or actual fungal septicemia, are continually 
being cleared from blood on passage through various 
capillary beds. Such “physiologic filters" include the 
renal glomerulus, so that yeasts are routinely excreted 
as part of the urine residue in these patients. This one 
event offers an easy and relatively reliable test for the 
diagnosis of a possible mycemia or even Candida septi- 
cemia. If budding yeasts cannot be seen on microscopic 
examination of a centrifuged urine specimen, the prob- 
ability of Candida sepsis in any given case is quite un- 
likely. The converse, however, is not always true, even 
though the demonstration of Candida in urine is a useful 
sign that suggests that Candida infection may be the 
cause of unremitting sepsis. 

Samples of other body fluids do not appear as reliable 
in documenting this filtration of veast from blood, with 
the exception of the whitish round retinal lesicns often 
seen on fundascopic examination of the eye.!! These are 
quite easy to recognize, as they are merely small colonies 
of Candida with growth characteristics almost identical 
to what is noted after fungus inoculation of a Petri dish. 

Serological testing as a means for establishing the diag- 
nosis of an invasive yeast infection has not been reliable." 
Neither agglutination nor precipitin techniques have been 
able to distinguish between colonization of wound and 
more generalized fungal dissemination. Accordingly, such 
diagnostic methods are seldom, if ever, warranted. 

Attempts should always be made to substantiate the 
clinical diagnosis of any infection by culture, isolation, 
and identification of the responsible etiologic agent. In 
disseminated candidiasis as well as in frank Candida 
septicemia, however, clearance of yeast from blood on 
passage through the various functional "tissue filters" 
diminishes significantly the chances of any given venous 
blood culture from being positive ( Table 3 and Figs. 8 
and 9). Accordingly, blood samples for culture should 
be drawn as proximal to these peripheral organs as is 
possible. Calculation of the Candida filtration ratios from 
previously described studies on tissue clearance demon- 
strated that arterial blood and blood taken from the right 
atrium are superior to specimens obtained from other 
sites ( Fig. 13). 

If an intravenous catheter had been placed into the 
central venous pool or if a more superficial infusion line 
had been in use for more than a few days, cultures should 
also be taken of the cannula tip, all connecting tubing, 
and the solution infused immediately upon discontinua- 
tion of the intravenous setup.*?*! It is almost as im- 
portant to verify fungus colonization of a potential portal 
for yeast entry as it is to confirm the diagnosis of Candida 
sepsis itself, since the portal must always be treated with 
antifungal preparations.** Therefore, cultures of the pa- 
tient's stool are indicated as well.*® 
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Fic. 13. Ratios of the relative capacity of various organs and tis- 
sues to clear circulating Candida albicans from the blood circulat- 
ing through their respective capillary beds. 


Treatment 


Once the diagnosis of disseminated candidiasis has 
been made, treatment must be energetic and directed 
along three general lines: 1) the site for Candida entry 
into the blood stream must be eradicated or con- 
trolled;1:5.5.10.19,23,26.27,29.431 2) predisposing factors, in par- 
ticular those that inhibit normal reticuloendothelial func- 
tion, must be eliminated; ^??3439 and 3) consideration 
should be given to the administration of a parenteral 
antifungal drug. 1:9.7,12.21,29,37,88 


Treatment of the Portal 
The foci which Candida might have reached the blood, 


stream must always receive prime attention. Parenteral 
antifungal drugs, no matter how massively prescribed, 
will never alone eradicate the yeasts harbored in the 
various portals. Sole reliance upon such agents permits 
candidemia to continue unabated and almost uniformly 
will guarantee a fatal outcome. On the other hand, mere 
control if not absolute elimination of the portal without 
parenteral antifungal therapy is usually successful except 
for those few cases where peripheral lodgement of fungi 
has already established growing metastatic colonies of 
yeasts. Once vascular seeding of Candida has been inter- 
rupted, survival of previously disseminated fungi is quite 
brief. 

Since in any given patient it is often uncertain as to 
whether Candida have invaded via an intravenous cathe- 
ter or possibly some other site, all cutdown and other 
types of venous cannulas should be removed immedi- 
ately; their access wounds, left widely open; and any new 
as well as all old cutdown wounds, treated with appro- 
priate topical antifungal preparations?! Because of 
the possibility that some other potential entry site is 
responsible for the sepsis, these are treated as well.!.29 
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Adequacy of such therapy is reflected by a dramatic 
change in the patient's clinical course within only a few 
hours and is further documented by the almost immedi- 
ate disappearance of fungi from the patient's blood and 
urine. 

The intestinal tract is probably the most common focus 
from which veasts have invaded. Persorption of fungi is 
not only dependent upon a large population of Candida 
within the bowel lumen, but a relative predominance of 
yeasts over bacteria in this microbial flora is required 
to maintain significant numbers of viable fungi. Anti- 
biotics have almost always led to this fungal overgrowth, 
and accordingly it is imperative that they be promptly 
stopped.?" Oral antifungal agents are given instead; vet, 
without the concomitant discontinuation of all oral and 
parenteral antibiotics, fungicidal drugs alone will do 
little to change the intestinal flora back to bacterial 
dominance.! 29.30.25 To date, nystatin has proven the best 
such oral antifungal agent;^2930.33.35 however, 5-fluoro- 
cytosine, although parenterally absorbed from the gut, 
offers great promise because of its oral route of adminis- 
tration. 137-38 Foods that should be expected to replenish 
intestinal bacteria, such as yogurt, buttermilk, cheese, 
etc., generally have failed to be as effective as the more 
specific antifungal drugs. 

Other measures are required when the patient has an 
associated adynamic ileus as is usually noted when yeast 
sepsis has progressed toward septic shock. Repeated gas- 
tric lavage with a solution of nystatin suspended in saline 
should be given a trial several times a day; and the pa- 
tient is given intravenous amphoteracin B, the only par- 
enterally administered antifungal agent currently on the 
market.^7.2'29? Existence of a proximal intestinal fistula 
creates additional problems, since the fungicidal proper- 
ties of gastric juice, bile, and pancreatic secretions can 
no longer aid in controlling the intestinal population of 
yeasts.*4 Under these circumstances, concentrated solu- 
tions of nystatin or amphoteracin B should be instilled 
down the fistulous tract, hopefully diverted distally by 
a well placed catheter, in an attempt to regain once again 
a bacterial predominance within the intestinal flora. 
Parenteral antifugal therapy is likewise indicated. 

Although there are many potential sites from which 
yeasts can invade, the likelihood of such in the indi- 
vidual case is not great, for intravenous and intestinal 
portals account for the vast majority. Nevertheless, these 
other areas include the surgical wound that exhibits local 
tissue invasion by yeasts on microscopic examination, 
oral and pharyngeal moniliasis, and well established 
Candida abscesses as are occasionally noted in the lungs, 
kidney, and bone.'?* Topical preparations are useful, 
especially for upper respiratory thrush, while resort to 
some form of parenteral therapy may be required for 
the others. 
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Irrespective of the presence of any more obvious 
source, the two most common portals, i.e., intravenous 
and intestinal, should never be excluded from considera- 
tion as well as appropriate treatment. 


Augmentation of the Reticuloendothelial System 


Factors retarding the normal function of the reticulo- 
endothelial system must be reversed or at least minimized 
if at all possible.^?* Adrenal steroid therapy is abruptly 
terminated or, if steroid dependence has developed, then 
gradually tapered to as low a dose as possible. Immuno- 
suppressive drugs are also discontinued, as are anti- 
metabolites and other agents used to treat hematologic 
and advanced metastatic malignancies. Unfortunately, 
dramatic improvements in the patient's overall resistance 
to infection can seldom be achieved, because most im- 
pairments to host resistance usually have a poorly de- 
fined basis (Table 6). 

In addition, attempts are made to correct all other 
predisposing conditions that may be exerting an ad- 
verse influence. Examples are a better control of diabetes 
mellitus so as to reverse the ketoacidotic state and at 
least the temporary discontinuation of hyperosmolar, con- 
centrated glucose infusions. 


Parenteral Antifungal Drugs 


Because fungi that have already invaded rarely sur- 
vive for any period of time within the host with a rea- 
sonably normal reticuloendothelial system, the value of 
parenterally administered antifungal agents does not 
appear as significant as once believed. Nevertheless, sys- 
temic therapy definitely seems indicated in those indi- 
viduals with an altered immune mechanism, when 


adynamic ileus obviates the use of oral drugs for the x 


control of intestinal flora, and whenever other treatment 
modalities have failed despite prompt and adequate at- 
tention to all suspected portals of entry. The possibility 
of late complications directly attributable to the candi- 
demia, such as abscesses in bone," kidney,?? and optic 
fundus, may also warrant an almost routine course of 
parenteral antifungal therapy in many of these patients. 

Only two reliable parenteral agents are presently on 
the market.” Either can produce significant adverse re- 
actions after prolonged use. Amphoteracin B is nephro- 
toxic, although its more frequent complications are hypo- 
kalemia, nausea, and vomiting. *?'?? The drug must 


TABLE 6. Impaired Resistance to Infection 
(58 patients with Candida sepsis) 


Stress ? ? ? 

Open wound 

Hematologic derangements 
Steroids 

Cytotoxic drugs 
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Taste 7. Oral Nystatin as Prophylaxis against Candida Sepsis 
(Randomized therapy for 243 major burns) 


Oral 
Nystatin 


Total 
(%) 


Control 


Hospital number 
Number of patients 127 116 243 
Initial stool culture positive 


for C. albicans 13 (10 14 (1295) 27 (1199) 
Subsequent stool culture 

positive for C. albicans 92 (72%) 28 (24%) 120 (49%) 
Number developing Candida 

sepsis 1 (695) 1* (195) 8 (3%) 
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* Single case of Candida sepsis developed 12 days after inadvertent 
discontinuation of oral nystatin prophylaxis 


be given intravenously as it is not absorbed to anv signi- 
ficant degree after oral administration. Local phlebitis at 
the infusion site is common. 

The second and more recently introduced antifungal 
agent is 5-fluorocytosine.?125755 Tt is available only as 
an oral preparation, yet absorption from the intestinal 
tract is rapid and reliable. Indeed, much of its success 
may be attributed to the fact that the intestinal flora are 
treated at the same time. Anemia, leukopenia, and simi- 
lar manifestations of bone marrow arrest are the major 
toxic complications,!^*? these probably arising because 
of the in vivo conversion of 5-fluorocytosine to 5-fluo- 
rouracil.? 

Reliance upon parenteral antifungal therapy alone 
should never supercede a devoted seni ch and care of all 
potential sites for Candida invasion. This one principle 
cannot be overemphasized. 


Prophylaxis 


Since Candida sepsis is not only difficult to diagnose, 
but is at times refractory to almost every mode of treat- 
ment presently available, efforts at prophylaxis do appear 
to be justified, especially for individuals known to be 
at greater risk toward developing such a complication. 
These include: subjects undergoing long-term venous 
cannulation for monitoring purposes or hyperalimenta- 
tion, the major burn victim, patients with hematologic 

malignancies, cancer patients receiving metabolic poisons 
directe d at eradicating or palliating their advanced stage 
of disease, individuals on immunosuppressive therapy be- 
cause of autoimmune problems or organ transplantation, 
patients given relatively massive doses of adrenal steroids, 
cases of proximal intestinal fistulization with or without 
chronic obstruction, and, most especially, any of the afore 
listed patients who are being treated with antibiotics 
highly effective against the usual bacterial flora of the 
abdominal intestinal tract. 

In brief, the susceptible patient is the one who is 
likely to become colonized and heavily infested by veasts 
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in the face of a poorly functioning system of reticulo- 
endothelial phagocytes. 


Care of the Intravenous Line 

Because intravenous infusion sets are prone to be- 
come colonized by Candida albicans, every effort should 
be made to maintain sterility during cutdown dressing 
changes as well as at the time of original catheter in- 
sertion. Topical antifungal creams should be applied to 
the skin puncture wound; and fresh sterile tubing and 
connectors, used as replacement almost daily. Millipore 
filters are helpful, but they also must be changed fre- 
quently. It is probably much more important to protect 
the hyperalimentation solution at the time of final mix- 
ing than it is to attempt yeast removal just prior to in- 
fusion. 

To date, the most reliable method of prophylaxis has 
been to add a small amount of amphoteracin B to the 
intravenous solution. This has not only significantly re- 
duced the incidence of infusion related candidiasis, but 
also has permitted the more protracted use of any given 
intravenous administration set. 


Prophylaxis Against Intestinal Persorption 

The oral administration of nystatin has convincingly 
been shown by several investigators to prevent a signi- 
ficant overgrowth by Candida within the injestinal 
flora.?-* Such should thereby obviate any possibility 
for persorption to occur. Indeed, the method has ap- 
peared to be almost too simple. 

To test this supposition, a prospective study of 243. 
randomized burn patients was carried out by the thrice 
daily administration of oral nystatin to approximately 
half of the group ( Table 7). With a single exception, one 
due to a clerical error, such a routine of prophylaxis 
was uniformly effective in preventing the evolution of 
Candida sepsis in these patients known to be highly 
susceptible.?* In contrast, seven of the controls developed 
yeast septicemia, and five of them died of this one com- 
plication. Thus oral prophylaxis with an antifungal drug 
does appear to be both effective and practical. 


Other Preventive Measures 

Local antifungal therapy directed at other foci of 
possible yeast invasion has never been substantiated as 
being of definite benefit in the prevention of disseminated 
candidiasis.?? Nevertheless, such prophylaxis has con- 
siderably reduced the incidence of oral and vaginal 
moniliasis when nystatin has been applied topically.?? 
Otherwise, preventive measures have received little 
attention. 
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DISCUSSION therapeutically. I think, if there is a lesson here, its that the 
I 
overwhelming, predominating factor in the predisposition to 
Dr. Hiram C, Pork, Ja. (Louisville): I would like to stress Candida sepsis is the long-term use of broad spectruni antibiotics - 


just one of the many worthy points in this paper, that is, the 
predisposing effect of long-term administration of broad spectrum 
antibiotics in surgical patients. To my best knowledge there is 
no convincing data that antibiotics used for long periods of tine 
have substantial benefits on patients; most of their benefits can 
be achieved in very brief courses of thei rapy, even when used 


for a very long period of time; the reciprocal is also true. It's the 
best single thing you can do in terms of controlling the illness. 

Without editorializing further on what is a superior paper, I 
would just direct your attention to this manuscript, which, in mv 
opinion is really a definite work on surgical sepsis of a new and 
emergent type. 
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Dr. Ricard C. Mirrgn (Jackson): Our interest in Candida 
sepsis has been with Dr. Jack Grogan, of our Surgical Research 
Laboratory, in trying to answer the question why patients who 
are on intravenous nutrition, so-called hyperalimentation, become 
septic. The question arises: Does the catheter and the fluid infect 
the patient, or does the patient infect the catheter, and then the 
catheter become a secondary nidus for the sepsis? 

(Slide) We have been studying with multiple bacterial filters 
the iv. infusion systems on patients on long-term i.v. nutrition, 
and have been systmatically culturing the various components; 
the proximal fluid, the filter membrane itself and the distal field. 
Multiple filters have been employed to segment the lines to ascer- 
tain where the Candida is getting into the patient. 

In our first 1900 cultures—and currently these figures have 
about doubled—there were 160 positive cultures somewhere in 
the system. Thirty per cent of all of the systems were contami- 
nated at some point with some organism. It therefore behooves 
us to be most cautious with these i.v. lines and to keep bacterial 
filters in place. The organisms seem to be present whether we 
know it or not. 

(Slide) These are the organisms which were cultured, and vou 
can see they are garden variety organisms which occur on the 
skin, or the bedside tables, and so forth. Highly pathogenic 
organisms were not frequently cultured, nor was Candida. 

(Slide) The greatest contamination in i.v. lines, as might be 
expected, occurs on the proximal (bottle side) of the first bacterial 
filter. Presumably, this filter, then, is doing its job and filters out 
contamination that gets in the bottle and into the line. 

The second highest point of contamination is at the patient end 
of the i.v. line. 

The point to be made is—and I think Dr. Stone has shown 
it very nicely—that in intravenous nutrition the patient may be 
infecting the catheter, rather than the catheter infecting the 
patient. The catheter then becomes a secondary nidus. Once the 
catheter is infected, it must be removed. 





Dr. Max S. RrrreNBURY (Charleston): I was particularly 
pleased to hear Dr. Stone talk about the host defense mechanism, 
relative to the reticuloendothelial system, and his postulate that 
the liver Kupffer cells are a major protective force after infestation 
occurs of the g.i. tract. 

There are two other areas I would like to ask him about. One 
of these is the peripheral circulating polymorphonuclear leuko- 
cytes, which are a part of the over-all R.E.S. system, and, in 
addition, the tissue macrophages that are in the wall of the gut. 

ls there first a failure of the macrophages; secondarily, a failure 
of the circulating p.m.n.’s? And has he measured the Kupffer 
cell function in the animal preparation—the monkeys and the 
dogs—to see whether this is a specific failure, or whether this is 
a general failure of the Kupffer cels for other particulate matter? 
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Dr. T. F. O'DoxNELL, Jr. (Boston): I would like to pose a 
different aspect on the predisposing factors. On our alimentation 
service at Boston Citv, one of mv colleagues, Dr. Bishrian, has 
been very interested in host defense mechanisms in reaction to 
invading organisms, under protein deprivation that we see on 
our wards, and he has found a very interesting factor: people 
do not react to antigens such as DNP or Candida antigen if their 
serum albumin is below 3. This has become a universal factor, 
something that he's going to present at the Federation meeting 
next spring. 

Id like to ask the author whether he was able to correlate 
candidiasis and invasion with the immunologic response or the 
actual nutritional status of the patient. In other words, does the 
patient who does not have to utilize his protein for other sources 
allow and permit a candidiasis? 


Dr. H. Harkan Stone (Closing discussion): Dr. Polk made 
a very important point with respect to the continued use of 
parenteral antibiotics. We concluded from the study of a new, 
highly effective antibiotic that almost 12€ of patients so treated 
developed Candida sepsis. However, prophylaxis with oral nystatin 
almost eliminated this particular problem. 

The Food and Drug Administration has recently banned the 
incorporation of nystatin with any oral antibacterial preparation. 
Nevertheless, we should often consider the use of nystatin in 
patients who are receiving such potent antibiotic agents. 

I appreciate Dr. Millers comments, particularly. because we 
also have wondered from where the yeasts come that now colonize 
the intravenous catheter. It has been assumed that such arise 
from the connecting tubing or the solution to be given or when 
these individual pieces of infusion apparatus are changed. How- 
ever, contamination of the intravenous catheter by the patient 
certainly may take place instead, and not always the other 
wav around. u 

With respect to Dr. Rittenbury's question, I have no good 
answer. We did not measure activity of the circulating polv- 
morphonuclear leukocvtes and have not done additional studies 
in so far as Kupffer cell function is concerned. 

Dr. O'Donnell has asked about the role of a good nutritional 
status in relation to whether the RE svstem will function properly. * 
All of our patients were depleted metabolically, and this mav well 
have influenced the efficiency of their reticuloendothelial function. 
In the laboratory, when veasts were infused and the dog or 
monkev survived, essentially all animals appeared to be just as 
healthy on the following day as they were prior to the initiation 
of the infusion. In fact, dogs would seem to be normal within 
two or three hours after termination of the experiment. Such 
changes were verv dramatic. 
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Hepatic resection may be indicated for a variety of benign 
and malignant conditions. Fifty-three patients with eight 
types of benign conditions underwent 34 hepatic resec- 
tions; two deaths occurred within 2 months of operation, both 
in patients with extensive hepatic infections. Abdominal dis- 
comfort, intraperitoneal bleeding or the threat of bleeding, 
and cholangiolitic sepsis were the indications for resection. 
The acceptable operative mortality rate and the satisfactory 
postoperative results support the use of hepatic resection for 
a large variety of benign lesions. Certain types of localized 
infected cystic dilatations of the intrahepatic ducts (Carolis 
Diseasg) can only be treated successfully by resection of 
the involved portion of the liver. Of the six clinical types of 
hepatic malignancies, the asymptomatic type, i.e. the case 
in which an upper abdominal mass is discovered inci 
dentally, is the most common. Liver scan and hepatic arterio- 
gram are the most helpful diagnostic tests. The operative 
technique of hepatic resection, although still somewhat com- 
plicated, has been standardized for elective resections. The 
most difficult operative and postoperative problems are hemor- 


rhage, infection, and bile leak. 

OR SEVERAL DECADES after Wendel’s first. successful 
P hepatic lobectomy in 1910,'* major hepatic re- 
sections were performed only sporadically. Todav, how- 
ever, the procedure is emploved for a wide range of 
elective and emergencv conditions. Although the princi- 
pal indications for hepatic resection are trauma and pri- 
mary cancer of the liver, as we have discussed in previous 
reports,*? the treatment of a varietv of benign conditions, 
as well as both primarv and secondary malignant tumors, 
may require the removal of major segments of liver tis- 
sue. Our experiences with elective hepatic resection are 
recounted herein, together with a discussion of the condi- 
tions for which iie: procedure has been performed, to 
elucidate aspects of the diagnostic and operative tech- 
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niques utilized, the postoperative care emploved, and the 
results achieved. 


Clinical Material 


Since 1955, 195 patients have been seen at the UCLA 
o with m or As n dn 
ment. Fiftv-two patients th rnc Tecan have M 
gone 34 hepatic resections (Table 1). Primary malignant 
tumors were encountered in 62 patients, 30 of whom 
underwent hepatic resections (Table 2). Of the 32 pa- 
tients with nonresected tumors, 13 received chemother- 
apy, radiation therapy, or both. Of the 19 who were un- 
treated, the hepatic malignancy was diagnosed by biopsy 
in 12 and discovered. at autopsy in seven ( Table 3). 
Finallv, 11 patients underwent hepatic resection for lo- 
calized malignant metastatic tumor ( Table 4). 


Diagnostic Methods 


The majoritv of patients presented with a mass in the 
right upper abdomen, and the most useful diagnostic 
procedures were hepatic scan and hepatic arteriographv. 

The usual hematologic and biochemical laboratory 
tests were made and included complete blood count with 
platelet count, prothrombin time, partial thromboplastin 
time, serum transaminase, alkaline phosphatase, serum 
protein electrophoresis, direct and indirect bilirubin, and 
bromsulphalein retention. 

Liver scans performed after injection of radioactive 
technetium have been found to have an average overall 
error rate of 20% (36% false negative and 8% false posi- 
tive).'? Since single lesions less than 2-3 cm in diameter 
cannot be detected, the procedure should be used chiefly 
as a gross screening device. Evidence on scan of wide- 
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* One recurrent cyst 


spread involvement of both hepatic lobes may, at times, 
influence the course of treatment. 

Hepatic arteriographv has, in general, been the most 
useful technique for determining size and location of tu- 
mor involvement. Gammill and associates? drew the fol- 
lowing conclusions from their study of hepatic arterio- 
grams in 16 patients with hepatomas: 1) Multinodular 
tumors are not likely to be confined to one lobe of the 
liver, even if angiographic findings suggest that they are. 
2) Angiographically, the first step in the development of 
a hepatoma is neovascularity, followed by puddling, tu- 
mor stain, and finally avascularity. 3) Because cholangio- 
carcinomas are scirrhous tumors, they are not as vascular 
initially as hepatocellular hepatomas, and they may en- 
case the hepatic arteries. 4) Angiographic demonstration 
of tumor in both lobes of the liver is a highly reliable 
indication of a patient with hepatoma who is not a candi- 
date for hepatic lobectomy. 5) Angiography is reason- 
ably reliable in selecting patients with hepatomas who 
are candidates for hepatic lobectomy, i.e., those with 
tumor confined to one lobe of the liver. 

Angiography also give important information concern- 
ing the anatomy of the hepatic artery or arteries, their 
site of origin and distribution, and their relation to the 
area of tumor involvement. 

The presence of Alpha-fetoprotein in the serum of chil- 


TABLE 2. Resections of Primary Malignant Hepatic Tumors 


Hepatic Cell Carcinoma 19 
Other Malignant Hepatic Tumors 
Mesenchymoma 
Leiomyosarcoma 
Cystadenocarcinoma 
Cholangiocarcinoma 
Miscellaneous 
Hemangiopericytoma 
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Mixed 
Undifferentiated 
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TABLE 1. Benign Lesions TABLE 3. Primary Hepatic Tumors Not Resected 
Number of Number of Number of 
Condition Lesions Resections Patients 

" Hemangiomas 9 8 Hepatic Artery Cannulation; Chemotherapy 7 
Hemangiendothelioma i 1 I. V. Chemotherapy; Radiation 3 
Focal Nodular Hyperplasia 5 4 I. V. Chemotherapy Only | 
Benign Adenoma 5 5 Radiation Only 2 
Non-parasitic Cysts 23 10 Needle Biopsy 5 
Echinococcal Cysts* 6 2 Open Biopsy Only 7 
Hamartoma 2 2 Diagnosed at Autopsy 7 
Abscess 2 MEM LÁ 3 2L ÜÓÜi»QDO' n1llll LLL I å = 
-= a Potal 32 

Petal 33 34 aa SEIT UE UELUT UMP eas 


dren or adults is almost certain evidence of a hepatic 
cell carcinoma, although it is rarely found in patients 
with cirrhosis and with tumors such as choriocarcinoma 
of the testes and teratoblastoma. Unfortunately, absence 
of the protein does not eliminate the possibilitv of hepatic 
tumor. Lin et al. have summarized the value of this de- 
termination as follows: 1) Alpha-fetoglobulin appears in 
the serum of 60-90% of patients with hepatocellular car- 
cinoma but not in patients with cholangiocellular carci- 
noma. 2) It is not present in patients with metastatic car- 
cinoma or benign tumors of the liver. 3) It disappears 
from the serum of patients after complete removal of 
hepatoma by hepatic lobectomy. Return to a positive 
determination in followup tests indicates recurrence of 
the tumor. s 


Operative Technique 


A generous right subcostal incision is used initially to 
determine resectability. If the operation is to be con-” 
tinued, the incision is extended in a chevron fashion to 
include an ample left subcostal incision, For further ex- 
posure, as is required for a right hepatectomy, the in- 
cision is extended through the 8th right intercostal space, 
and the diaphragm is divided in a radical fashion to the 
inferior vena cava. 


Right Hepatic Lobectomy 


Once the diaphragm has been incised, the right-sided 
peritoneal attachments of the liver are divided and the 
portal triad exposed. The cystic duct, cystic artery, right 


TABLE 4. Localized Malignant Metastatic Tumors 
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Number of 
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Primary Site Patients 
Uterus (carcinosarcoma) i 
Stomach 2 
Colon 3 
Gallbladder 3 
Duodenum (leiomyosarcoma) 1 
Extrahepatic Bile Duct 1 


t . 1 & 4 
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hepatic artery, right hepatic duct, and right portal vein 
are individually ligated and divided, and the gallbladder 
is removed. Multiple short segmental hepatic veins be- 
tween the under or dorsal surface of the liver and the in- 
ferior vena cava are carefully isolated, doubly secured 
with metal clips, and divided. The right hepatic vein is 
identified and divided as it enters the vena cava. When 
the vein cannot be safely isolated, it is occluded with a 
non-crushing clamp until the parenchyma of the liver 
is divided. The middle hepatic vein is preserved unless 
an extended right hepatectomy is being performed. A 
liver clamp, previously described by Storm and Long- 
mire, is then placed across the liver at the ischemic 
margin of resection indicated bv the color change pro- 
duced by ligation of the right hepatic artery and right 
portal vein. The liver capsule is then incised with the 
electric cautery. As the parenchyma is bluntly divided 
with the handle of the scalpel, bleeding points are indi- 
vidually controlled and with metal elips or sutures of 
2-0 or 3-0 catgut on atraumatic needles. After the re- 
sected lobe is removed, the clamp is released, and any 
further bleeding points are controlled. Large through- 
and-through mattress sutures. are used occasionally for 
hemostasis, but since they tend to strangulate tissue, in- 
dividual ligation of bleeding vessels, which substantiallv 
reduces the amount of avascular liver tissue left in place, 
is preferred? Foreign hemostatic material rarely is used. 
If the cut edges of the capsule can be approximated and 
closed easilv, the raw surface of the liver is closed with 
interrupted catgut sutures. As an alternate method, the 
eraw surface of the liver may be covered by the free 
edge of the falciform ligament, if available, or a piece 
of omentum. T-tube drainage of the common duct does 
not seem to affect the postoperative course. However, 
a T-tube may help to identify the ductal system during 
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malignant hemangiopericytoma requiring resection of 
right lobe and medial segment of left lobe. A T-tube has been 
inserted to aid in identification of hepatic duct. 
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resection when the hilar anatomy is badly distorted by 
tumor and does allow postoperative radiographic assess- 
ment of the biliary tract (Fig. 1). The right subphrenic 
space is drained with one or two large Chaffin-Pratt 
tubes, and Penrose drains are placed above and below the 
remaining liver. 


Left Hepatic Lobectomy 


Division of the left triangular and falciform ligaments 
provides fair mobility of the left lobe, and a thoracic ex- 
tension usually is unnecessary. If only the lateral seg- 
ment (that portion of the liver to the left of the falci- 
form ligament) is removed, dissection of the porta hepatis 
is not necessary; however, if a total left hepatectomy (the 
portion of the liver to the left of a line from the gall- 
bladder fossa to the inferior vena cava) is to be at- 
tempted, isolation of the left branch of the hepatic artery 
and the left portal vein is necessary. When isolating the 
left hepatic vein, care should be taken not to injure the 
middle hepatic vein so as to avoid venous engorgement 
of the medial portion of the right lobe. The techniques 
are similar to those employed during a right hepatec- 
tomv. 


Complications 


Intraoperative complications are primarily related to 
bleeding. With depressed liver function and with trans- 
fusion of large amounts of "banked" blood, prothrombin, 
Factor VII, Factor V, and platelet counts all fall, some- 
times precipitously.!* Early administration of calcium, 
fresh frozen plasma, and, if possible, fresh whole blood 
less than 48 hours old has proved to be valuable in pre- 
venting or ameliorating the diffuse ooze that occurs on 
such occasions. 

Specific postoperative complications are usually related 
to bleeding, bile leakage, or infection. If major bleeding 
persists, reexploration is necessary to rule ia the possi- 
bilitv of a controllable source. Bile leakage is not infre- 
quent and is best prevented bv ligation or careful over- 
sewing of any exposed ducts at the time of operation. 
Small leaks usually seal after 7-21 days, provided com- 
mon duct flow is unobstructed and adequate external 
drainage is provided. Infection with the development of 
subphrenic or subhepatic abscesses is best prevented or 
controlled by adequate drainage. Prolonged postopera- 
tive jaundice mav occur in the absence of mechanical ob- 
struction. General supportive measures will allow a 
gradual return of the serum bilirubin to normal during re- 
covery from the possible effects of multiple transfusions, 
absorption of intraperitoneal blood, and devitalized liver 
tissue. 


Postoperative Care 


Currently, ampicillin and gentamicin are administered 
for 7 days or longer, if indicated. Hypertonic glucose so- 
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lution supplemented with albumin also is used. Albumin 
requirements probably are related to loss of proteins 
in intraperitoneal exudates associated with operative 
trauma, peritoneal irritation from bile, and particularly 
with infections in large spaces such as the right sub- 
phrenie area after right lobectomy. We have been im- 
pressed with the minimal protein or albumin require- 
ments in patients who heal without biliary drainage or 
infection after hepatic lobectomy. Vitamin K is given sub- 
cutaneouslv or intravenouslv after operation, as pro- 
thrombin values may be temporarily depressed. 

The steps in technique of elective resection are out- 
lined in Table 5. Certain general features of the resec- 
tion should be emphasized. 

Unless the tumor is clearly visible in both lobes of the 
liver when the peritoneum is first opened, a large abdomi- 
nal incision is necessary to evaluate adequately the op- 
erability of the the tumor. On thorough exploration, some 
very lar ge tumors mav be found to be confined to resect- 
able anon segments of the liver. Oversewing the 
cut ends of the remaining portal and hepatic vein stumps 
with continuous sutures of fine silk gives the most secure 
closure of these large short veins. Division of the paren- 
chyma distal to a non-crushing liver clamp aids in the 
control of operative blood loss. Onlv one patient in this 
series of 75 hepatic resections has died at operation. 

After division of the inflow blood supply to the lobe 
to be resected, a line of demarcation develops between 
the cvanotic hepatic parenchyma and the normally oxv- 
genated lobe to be retained. The line of resection should 
be made through the parenchyma 2-3 cm into the 
cvanotic liver substanas to preserve the middle hepatic 
vein. During a left lateral segmental resection, the line 
of resection should be to the left of the groove of the 
ligamentum teres since branches of the portal vein, 
hepatic artery, and left hepatic duct to the medial seg- 
ment of the left lobe lie in the plane of the groove. 

The transverse colon and omentum are placed in the 
defect created bv the lobectomy, and the area is widely 
drained with large sump drains. 


TABLE 5. Steps in Elective Hepatic Resection 


MEN ——————————— B RR ERR nane 


. Abdominal incision. 
Exploration and biopsy. 


1 

2 

3. Extension of incision into thorax (for right hepatic lobectomy) 
4. Mobilization of lobe. 
5 


Division and individual ligation of lobar branch of hepatic 


artery, portal vein, and hepatic duct. Cholecystectomy. 
6. Division of segmental hepatic veins on dorsal surface of liver: 
7. Division of right or left hepatic vein. 


8. Division of parenchyma with 


branches. 
9. Drainage. 
10. Closure of incision. 


—- 


ligation of biliarv-vascular 
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Fic. 2. Extensive cavernous hemangioma produced upper abdomi- 


nal discomfort. 


Review of Lesions Treated 


Benign Lesions 


Thirtv-four resections were performed in the 52 pa- 
tients with benign hepatic lesions. One patient died 6 
weeks after right lobectomy for infected non-parasitic 
cvstic disease, and a second patient died 7 weeks after 
right lobectomy for intrahepatic abscess, both of persis- 
tent over whelming sepsis. One other patient with poly-, 
cvstic disease and “hepatic fibrosis died of hepatic failure 
8 months after internal drainage of a large, infected 
bile-containing cvst into a Roux-en-Y je ejunal limb. Five 
patients with polyey stic disease of the liver and kidneys 
have died of renal failure. The other 44 patients are alive. 

Hemangioma, The small asymptomatic hemangioma, 
the most common tumor of the liver, does not require 
treatment; however, the rare large cavernous heman- 
gioma may, at times, become symptomatic by virtue of 
its size and pressure on surrounding organs (Fig. 2). 
Periodic pain may be related to segmental infarction in 
the tumor with peritoneal irritation. “Spontaneous rupture 
with severe bleeding has been reported. 11 Complete or 
even partial resection of the major portion of the more 
massive lesions will relieve symptoms and is generallv in- 
dicated ( Table 6). 

Focal Nodular Hyperplasia. This interesting tumor-like 
growth of essentially normal regenerated dus tissue 
sometimes develops into a mass sufficient to cause pres- 
sure symptoms. It is of surgical importance for two rea- 
sons: 1) As indicated, it may become so massive as to 
require removal for relief of pressure symptoms; 2) When 
smaller, it easily may be mistaken on gross examination 


Cavernous Memgnetomqs (9 Patients) 


Number of 


Treatment Patients Result 

Left lateral segment resection 2 good 
Left lobectomy 2 good 
Right lobectomy 3 good 
Wedge resection 2 tumors left lobe l good 
1 good 


Biopsy multiple lesions 
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for a metastasis; for instance, should such a nodule be 
discovered in the liver during an operation for cancer 
of the colon, it would almost certainly be erroneously 
considered as a metastasis unless the histology of the 
lesion were determined. 

In one of our patients, the lesion was discovered at 
cholecystectomy and biopsied, but because of its lim- 
ited size, resection was not considered necessary. The 
lesion has been asymptomatic in the ensuing ten vears. 

It is interesting that all five of our patients ( Table 7) 
were females, although in a series of 34 similar cases in 
which Benz and Baggenstoss? referred to the tumor as 
focal cirrhosis of the liver, there were 15 males and 19 
females. A solitary nodule was present in 29 of their 
patients, two nodules in four patients, and three nodules 
in one patient. The right lobe of the liver was involved in 
23 of the 29 cases in which the site could be determined. 
Benz and Baggenstoss noted that the cirrhosis, from 
whatever cause, was characterized by nodular regenera- 
tion and fibrosis. They considered the regeneration nod- 
«ule, which was preeminent among the Sosions in this 
studv, to be the most striking feature, for it is the one 
phenomenon that sets apart the response to injury in the 
liver from that in other organs of the body. Thev con- 
cluded that the origin of thesé lesions is related to local 
damage and regeneration rather than to a neoplastic or 
hamartomatous source. 

Benign Adenoma. Four patients who had benign ade- 
nomas removed presented originally with signs of an 
upper abdominal mass; two also had mild epigastric dis- 
comfort. One other patient who had a spontaneous rup- 
ture of the tumor and intraperitoneal bleeding was ad- 
mitted with signs of acute intraperitoneal hemorrhage 
and a tender right upper abdominal mass. The areas re- 
sected are indicated in Table 8. All of these patients have 


TABLE 7. Focal Nodular Hyperplasia (5 Patients) 


Number of 


Treatment Patients Result 
W edge, right lobe 1 good 
Biopsy 1 good 
Left lobectomy 1 good 
Right lobectomy 2 good 
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been well since operation without any evidence of recur- 
rence of the tumor. One patient originally operated upon 
elsewhere has been followed for more than 20 years 
without recurrence. The initial life-threatening clinical 
problems of two of these patients, one with overwhelm- 
ing sepsis and the other with spontaneous rupture and 
intraperitoneal bleeding, have been previously reported. 

Non-parasitic Cystic Diseases. Two of the 23 patients 
with non-parasitic cystic disease were found to have old 
granulomatous cysts (Table 9). One had formed at the 
site where an echinococcal cyst had been evacuated 4 
years previously. The origin of the other cyst was never 
determined but was thought to represent the end stage 
of an old degenerated echinococcal cyst. The cysts in 
both patients were excised with good results. 

All of the other non-parasitic cysts were congenital in 
origin, 16 being parenchymal in type,® 11 polycystic, and 
five solitary cysts. Five patients had multiple cystic dila- 
tations of the intrahepatic ductal system. Unless infected, 
these cysts caused symptoms because of their size and 
pressure on surrounding organs. The infected cysts com- 
municated with the biliary system and presented with 
signs of cholangitis, bouts of fever, jaundice, and, at 
times, right upper abdominal pain. 

When peripheral, solitary cysts may be excised. How- 
ever, before such a procedure is undertaken, it should 
be determined that the lesion is, indeed, superficial. 
Cysts that extend deeply into the central portion of the 
parenchyma have fibrous trabeculated walls with major 

vascular and ductal branches in the trabeculae. Super- 
ficially, the wall of the cyst separates easily from the 
hepatic parenchyma, but the cleavage is lost as the bil- 
iary-vascular bundles of the deeper liver substance en- 
twine in the trabeculated wall of the cyst. Division of 
these ducts and vessels may interrupt the distal blood 


supply and biliary drainage of major hepatic segments. 


If excision of the cyst is not advisable, the contents 
should be examined carefully, for cysts filled with per- 
fectly clear fluid without evidence of infection or bile 
may be unroofed and the lining placed in free communi- 
cation with the peritoneal cavity. Bile in the fluid of the 
cyst is indicative of a communication between the cyst 


TABLE 8. Benign Hepatic Adenoma (5 Patients) 
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Number of 


Treatment Patients Result 
Right lobectomy 2 good 
Left lateral segment 
| resection i good 
Right lateral wedge 
Left lateral segment resection 1 good 
Left anterior medial segment resection 1 good 
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TABLE 9. Non-Parasitic Cystic Disease 


Patient Condition 


Treatment 


Group A. Granulomatous Cysts (2 Patients) 


Granulomatous cyst 
Possible degenerated Echinococcus cyst 


zm 
mO 


Excision of cyst 
Excision of cyst 


Group B. Polycystic Disease (11 Patients) 


Polycystic liver disease 

Polycystic liver and kidney disease 

Polycystic liver 

Polycystic liver, duodenal ulcer 

Polycystic liver and kidney disease 

Polycystic disease, liver, kidneys, and pancreas 


Polycystic liver and kidney disease, uremia, 
hepatic dysfunction 

Polycystic liver and kidney disease, 

Berry aneurysm 

Polycystic liver. CVA 

Polycystic liver, infected cyst, hepatic fibrosis 


^» om O DF Aras 
vz m p gnozy 
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Polycystic liver and kidney disease 


Large cyst unroofed 

Large cyst unroofed 

Cyst unroofed, cholecystectomy 

Biopsy wall of cyst, vagotomy, pyloroplasty 
Excision cyst of liver, cholecystectomy 
Subtotal pancreatectomy. Biopsy liver and 
kidney cysts 

Renal transplant 


Internal drainage infected cyst 


— 


Group C. Solitary Parenchymal Cysts (5 Patients) 


Solitary cyst—no bile or infection 
Solitary cyst—no bile or infection 
Solitary cyst with bile 

Solitary cyst with bile 

Solitary cyst—no bile, right lobe 


Excision of cyst 

Excision of cyst 

Partial excision, Roux-en-Y cyst enterostomy 
Roux-en-Y cyst jejunostomy 

Aspiration, recurrence. Repeat aspiration with 
recurrence 3 years 


Group D. Cystic Dilatation of Intrahepatic Ducts (5 Patients) 


Multiple intrahepatic bile duct cysts with 
infection. Caroli's Disease 

Multiple intrahepatic bile duct cysts with 
infection. Caroli's Disease 

Multiple intrahepatic bile duct cysts with 
infection. Caroli's Disease 

Microcystic disease intrahepatic ducts with 
Meyenberg complexes 

Dilated intra-extra hepatic ducts, congenital 
stricture, common bile duct. Cholangitis. 
Portal hypertension. 


Right lobectomy 
Right lobectomy 
Left lobectomy 
Biopsy 


Cholecystectomy. Liver biopsy, 
choledochojejunostomy 
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Result 


good 
good 


good 
good 
good 
good 
uremia 
recurrent renal 
infections 
died 


autopsy 


autopsy 
died 8 months after 
operation 
uremia autopsy 


good 
good 
good 
good 
good 


died 6 weeks 
postoperatively 
well 

well 


unchanged 


improved 


and the biliary system, frequently with some degree of 
infection. In the absence of acute infection, however, 
internal drainage by anastomosis of the cyst wall to a 
defunctionalized Roux-en-Y jejunal limb is indicated. 
Grossly infected cysts are best drained externally with 
subsequent internal drainage or resection following sub- 
sidence of the infection. One patient with evidence of 
a large solitary right hepatic cyst has been treated by 
two percutaneous aspirations of more than 600 ce of 


TABLE 10. Clinical Types of Primary Malignancies 





Explored but 


Clinical Type Resectable not Resected 





Asymptomatic 
Febrile 

Pain 

Acute Abdomen 
Occult 
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clear cystic fluid without evidence of recurrence during 
the.3-year period since the second aspiration. | 

Polycystic liver disease, unlike polycystic renal disease, 
is asymptomatic unless: 1) it is associated with hepatic 
fibrosis and gradual deterioration of hepatic function, 2) 
multiple cysts enlarge to the point that intra-abdominal 
pressure symptoms are produced, or 3) one or more of 
the larger cysts become infected. Symptomatic improve- 
ment of pressure symptoms may be achieved by unroof- 


TABLE 11. Primary Hepatic Cell Carcinoma, Resected 
Deaths Average 
Number of Within Survival Currently 

Area Resected Cases 2 Months Time Alive 
Right Lobe 10 3 

| year 

ge pod 6 1 11i patients 4 years 

Sacie E 1 18.1 mos. 5 years 

E 12 years 


Multiple Areas 2 
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Taser 12. Other Primary Malignant Hepatic Tumors 
Death Average 
Number of — Within Survival Currently b 
Area Resected Cases 2 Months Time Alive 
Right Lobe 3 l 
Extended Right 4 mos, 
Lobe 2 5 patients 15 mos, 
Left Lobe | 13.6 mos. 3-1/2 yrs. 
Left Lateral 7 yrs. 
Segment l 10 yrs. 
Wedge Resection 4 
ing large uninfected cysts, if present. Treatment of large 
infected cysts is the same as for infected solitary cysts, 
ie external drainage followed by internal drainage or 
resection. 
Multiple intrahepatic cystic dilatations of the intra- » 


hepatic ducts, a condition compatible to what has gen- 
erally been referred to as Carolis disease,4 were present 
in five patients. Although the anomalous conditions is 
congenital, four of these patients Were asy mptomatic 
until adult life (age 35 or older). One patient was seen 
at age 16. Four of the five had repeated bouts of severe 
cholangitis, and in three of the adults, such attacks had 
been present and increasing in severity for 8-10 vears. 
In the 16-year-old boy, ihe condition was recognized 
after the first attack but not until after the intr ahepatic 
biliary tree was completely visualized on T-tube cho- 
langiogram. Previous exploration of the extrahepatic 
biliary tract had proved to be negative, and cholecystec- 
tomy had failed to resolve the persistent cholangitic 
symptoms. 

Roux-en-Y choledochojejunostomy has relieved the 
symptoms in one patient with an anomalous stenosis of 








Fic. 4. (Top) Resected left lobe with papillary cystadenocarci- 


noma. (Bottom) Cut surface of tumor. 


the common bile duct but was totally ineffective in a — 
second patient with large, grosslv infected intrahepatic 
cvstic dilatations. Three of the patients had symptoms 
of cholangitis that could only have been relieved by 
resecting the involved portion of the liver, U nfortunately, 
in some cases the infected cystic dilatations are so wide- 
spread that excisional therapy cannot be used. Prelimini- 
nary external drainage used in two patients was beneficial 
in reducing the acute infection in the liver and ductal 
system prior to resection. 

The fifth patient had a microcystic form of the disease 


TABLE 13. Metastatic Hepatic Tumors 


Number of 





Primary Site Patients Survival 
Stomach 2 2, 14 mos. ig 
Colon 3 3, 18 mos. 
16 mos. alive 
Gallbladder 3 8, 8, 12 mos. 
Duodenum 1 8 mos. 
z ; . : ile Duct 18 mos 
Fic. 3. Leiomyosarcoma of right lobe. Note that tumor tends to Pile Duet "ed 


grow out from surface of liver. 


Uterine Carcinosarcoma 


i 
aet 
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TABLE 14. Data on Eight Patients Treated with 5- Fluorouracil Infusion Through Hepatic Artery 
Patient Operation Therapy via Hepatic Artery Cannula Period Survival 
E. V. Biopsy 5 FU 15 mg/kg/day X 7 weeks 5 mos. dead - 
P. W. Biopsy 5 FU 750 mg/day X 15 days, followed by 4 yrs. alive, receiving chemotherapy 
l 5 FU and Alkeran 
G. C. Biopsy 5 FU Amount? 9-1/2 mos. dead 
A. H. Biopsy 5 FU 20 mg/kg/day X 8 days— 2 yrs. 11 mos. dead 
then weekly I.V. 
N. T. Biopsy 5 FU X 12 days intra-arterial. 22 mos. dead 
5 FU 3-1/2 months I.V. 
K. V. Biopsy 5 FU 500 mg/day X 17 days 2-1/2 yrs. alive 
D. B. Biopsy 5 FU 720 mg/day X 22 days 4 mos. dead 
S FU LV. q. week 
S. W. Partial Resection 5 FU 833 mg/day X 7 days 10 mos. dead 





with dilatation of the small intrahepatic ducts and inter- 
lobular fibrosis with Meyenberg plexes present. Her 
vague digestive disturbances and upper abdominal dis- 
comfort were unaltered by liver biopsy of the firm fibrotic 
liver. 

Echinococcal Cysts. Evacuation of an echinococcal cyst 
and irrigation of the cavity with dilute sclerosing solu- 
tions were performed in four patients; one recurrence 
was successfully treated by partial excision and marsupi- 
alization. The possible danger of irritating, sclerosing so- 
lutions for irrigation of the cavity of the cyst is illus- 
trated by the course of one patient in this series. This 
cavity communicated with the ductal system, and the 
passage of the solution into the major ducts produced 
extensive strictures. A prolonged complicated course of 
biliary tract infection and obstruction was finally cor- 
rected by excision of the right lobe and anastomosis of 
the left hepatic duct to a Roux-en-Y jejunal limb. 

Multiple small cysts were excised from the left lobe 
in one patient with good results. 

Miscellaneous. One large cystic hamartoma was ex- 
cised from the right lobe of a 4-year-old boy, and a simi- 
Jar smaller lesion in the left lobe was biopsied in a child 
with multiple congenital anomalies. 

A right hepatic lobectomy has been performed in 
two patients with complicated histories of extrahepatic 
duct and artery disruption and intrahepatic abscesses. 
One patient survived; the other died of sepsis 7 weeks 
after operation. 


Primary Hepatic Malignancies 


Based upon a clinical classification that has been modi- 
fied from Berman, the presenting signs and symptoms of 
patients with operable tumors may be classed as fol- 
lows:? 


l. Asymptomatic—right uper quadrant mass or liver 
enlargement detected on routine physical examination. 
2. Febrile—daily temperature elevations that may vary 


from 1? to 4?C. Cause of fever is unknown until enlarge- 
ment of liver is detected. 


3. Pain—mild and persistent in shoulder, back, and 
right upper quadrant, with or without fever. 


4. Acute abdominal catastrophe— spontaneous rupture 
of tumor with intraperitoneal bleeding. 


5. Occult—specific evidence of tumor is lacking or 
sufficiently obscure that its presence is identified only at 
autopsy or at operation for an unrelated condition. 

The distribution of the operable cases in the present 
series classified by clinical type is indicated in Table 10. 
In the 19 patients with primary hepatic cell caxcinoma, 
there were 4 deaths within 2 months (Table 11). The 
average survival time of the 11 patients who died after 
this period was 18.1 months. Four patients are alive from 
1 to 12 years (Table 11). 


Other Malignant Hepatic Tumors 


Eleven other primary malignant hepatic tumors were 
resected (Table 12 and Figs. 3, 4). One death occurred 
within 2 months. The average survival.time of five pa- 
tients who died after that time was 13.6 months. Five of 
the 11 are alive from 4 months to 10 years after operation. 


 Resection of Metastatic Tumors in the Liver 


In an earlier publication? it was stated that metastatic 
lesions of the liver should not be resected unless: 1) they 
represent the only known metastasis, 2) the resection 
can be accomplished relatively simply, and 3) the growth 
potential or behavior of the primary tumor indicates a 
hopeful prognosis. Experiences in the intervening 12 
years would seem to substantiate these tenets. Of eleven 


TABLE 15. Data on Patients Treated only with Intravenous Chemo- 
therapy and/or Radiation Therapy 


Patient Treatment Survival 
E.H. I. V. 5 FU Radiation 5 mos. dead 
R.L. I. V. 5 FU 4 days dead 
R.M. I. V. 5 FU and Radiation 10 days dead 
B.C. I. V. 5 FU and Radiation 14 days dead 
O.R. Radiation 3 mos. dead 
A.R. Radiation 2-1/2 yrs. dead 
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patients (Table 4) who have had hepatic resections for 
metastatic lesions, one is currently alive; the others have 
survived from 2 to 18 months (Table 13). 


Primary Hepatic Cell Carcinoma Not Resected 


Primary hepatic carcinoma was diagnosed in seven 
patients at autopsy. Six patients had hepatic cell carci- 
noma, two with concomitant alcoholic cirrhosis, and one 
had a cholangiocarcinoma. 

After the widespread nature of their tumors had been 
disclosed at operation, eight patients* were treated by 
5-fluorouracil infusion via an indwelling cannula in the 
hepatic artery (Table 14). Six of the eight patients have 
died, with an average survival time of 14.2 months. Two 
are alive with disease 2-4 and 4 years after operation. 

Four patients (Table 15) received 5-fluorouracil in- 
travenously with or without radiation therapy, and two 
patients received radiation therapy alone. All six patients 
had advanced liver involvement, usually with distant 
metastases; three died within 2 weeks, and only one sur- 
vived longer than 5 months after institution of treatment. 
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? One patient underwent a major resection, but residual tumor 
was identified. 


DISCUSSION 


Dr. CuanLEs H. Wray (Augusta): I want to present one 
case we had some ten years ago that has stimulated my interest 
in liver resection. 

(Slide) This patient presented with a transient episode of 
jaundice and a persistent elevation of the alkaline phosphatase 
over a month's time. We assumed there was a continuing ob- 
struction in the common duct. This slide shows the opening of 
the common duct, and something beginning.to extrude. 

(Slide) This shows a; tumor embolus with a blood clot that 
was removed from the common duct. A subsequent investigation 
showed that this tumor arose from the left hepatic duct. 

The patient underwent a left hepatic resection, and I had 
Slit her up until this January, when she developed pain. Our 
investigations at that time, though, showed no abnormalities. That 
is, the liver function studies were normal, and the liver scan 
had not changed over the years. 

However, in April she came in jaundiced. Having had one 
major operation, with severe respiratory failure, she agreed to 
exploration only to relieve her jaundice. The next slide shows 
material that was curetted from the remaining portion of the 
common duct. ~~ ' 

A T-tube was left in with a small catheter threaded through it, 
and the next slide shows how this was constructed, so that this 
end could be threaded up into a portion of the liver where the 
tumor remained. We have instilled 5-fluorouracil into the common 
duct for several months now. She has been free of jaundice and 
pain. 
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However, this case shows that the way we attack liver tumors 
is somewhat different than the way we attack other situations. 
It’s obvious from the benign cases that Dr. Longmire presented 
that the liver can be operated on with a very low mortality. 
However, there is a significant operative mortality in patients 
with malignant disease. We do not investigate patients with liver 
problems in the same way that we investigate the kidney and 
the heart or the peripheral vessels, mainly because the liver is 
a large organ, and multiple studies are needed to decipher 
various changes. 

For instance, one would need to do selective celiac arteriograms 
to find the arterial blood supply and possible ramifications on 
surgery; a splenoportogram, possibly, to show the portal circula- 
tion; a percutaneous cholangiogram to show the ducts, and a 
hepatic venogram to outline the hepatic circulation. 

Perhaps if we did extensive studies such as this in patients 
with malignant disease, we would be able to better select patients 
who are candidates for surgery, and avoid some operative mis- 
adventures that these patients present. 


Dr. LEMUEL Bowpen (New York): It seems quite appropriate 
that a paper of this caliber should be presented before the 
Southern Surgical Association, because, as far as I can determine 
from studying the historical aspects of this subject, it was just 
exactly 21 years ago before this Association that the first planned, 
aggressive attack on hepatic tumors was described by one of your 
distinguished senior members, Dr. ae Quattlebaum. 

I would like to direct my remarks to one aspect of Dr. Long- 
mire’s presentation which to me is significant. (Slide) This slide 
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details our experience at Memorial Hospital from 1950 through 
1968 in 50. major hepatic resections for malignant tumors in 
every instance. In these 50 cases we had only six long-term 
survivors: one patient with metastatic sarcoma who died shortly 
after the five-year mark of further manifestations of her disease; 
one patient with metastatic colon cancer who is still living at 11 
years following the hepatic resection, and who, I think represents 
the exception, since I am inclined to agree with Dr. Longmire 
that for metastatic tumors hepatic resection rarely proves. cura- 
tive; one long-term survivor with cancer of the gallbladder, dying 
at 15% years following her hepatic resection of an independent 
primary cancer; and three patients with hepatocellular cancer, 
living and well at 16, 13 and 12 years following hepatic resection. 

The thought I would like to leave, and I think it is supported 
by what Dr. Longmire has presented, is that hepatic resection 
can be curative in the treatment of primary hepatocellular carci- 
noma when this relatively uncommon neoplasm is encountered. 


Dr. Ricardo G.. Martin (Houston): I would like to add a 
few cases and some philosophy as to the treatment, or surgery, 
of the liver when it comes to metastatic and malignant diseases. 
We at the Anderson Hospital have divided ours into three groups. 
We have a total of 46 cases which we would have considered 
possible operative cases. Now, this is not a large number, consider- 
ing that we have had around 100,000 cases to date in the institu- 
tion; but we try to screen them very carefully, with multiple 
tests, as Dr. Wray has mentioned. 

The first group are the primary liver tumors, and this we 
divide further into pediatric cases and adult, We think there is 
a difference between the two as far as mortality is concerned. 

In the pediatric cases, we had seven. We fase three living 
at the present time, one four years, one 11 and one 16 years. We 
had one operative death. In the adult group we had nine cases, 
and in this we have.only two that are living, one ten months 
and one three years. The mortality in this was almost twice that 
of the pediatric cases. 

And then we have a group—the second group—metastatic 
lesions with the primary elsewhere. Again, we have divided these 
into pediatric and adult cases. In the pediatric cases we had 
three, and all three were Wilms' tumor. All three of these cases 
had been treated preoperatively by chemotherapy and x-ray 
therapy after they had had the kidney removed. One patient had 
lung metastasis, which went away with chemotherapy and x-ray 
therapy. Of the three cases, we had one operative death; the 
other two are living, one six years and one three years free of 
disease. 

In all cases of metastatic disease we had 14. Seven were colon, 
with an average of around 2.5 years of survival. We had two 
leiomyosarcomas, metastatic, both from the stomach, One of these 
cases had the stomach removed five years ago, and the colon 
two years ago, both for malignancies, and the metastatic lesion 
in the liver turned out to be a leiomyosarcoma from the stomach. 

We have two breasts; this is unusual because we do not 
usually find these operable. We had one carcinoid, which was 
a postoperative death. This had a carcinoid syndrome, and we 
tried to reduce the bulk, but failed. We had one that had an 
adrenocortícal tumor, and she has gone six years since she had 
her metastatic lesion removed. 

The third group are those with direction extension into the 
liver from an adjacent organ. These were all adults, We had 
nine cases; three stomach, two colon, two gallbladder, and one 
rectoperitoneal. We had only two that lived over one year, and 
these died at two and a half and three years. 
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We therefore feel that with direct extension usually this is 
not profitable, but with the primary lesion and the metastatic 
lesion, we feel it is. 

(Slide) This is the metastatic lesion from Wilms' tumor. 

(Slide) Now, we agree with Dr. Wray that the angiograms 
are most important. If we are going to do it for malignant 
disease, we must have a solitary lesion. This is an arteriogram 
in a 5-months-old child, showing a large right hepatic lesion. 

(Slide) This is a superior mesenteric artery angiogram in the 
same patient, showing the supply going from the superior 
mesenteric artery. 

(Slide) We feel also that a venacavogram is important. This 
shows the narrowing of the vena cava. However, there was no 
invasion, and the lesion came out well. 

(Slide) This is another arteriogram, showing a large right 
hepatic lesion. However, the venacavogram shows obstruction. 
This one was not operative. 


Dr. Hucw H, Tnovr III (Closing discussion): I'd like to review 
briefly some of the technical aspects of liver resection which we 
feel have been of benefit. Unless tumor is obviously visible in 
both lobes of the liver, a large incision is necessary to adequately 
evaluate the operability of the tumor. 

(Slide) Here’s a massive tumor involving the right lobe of the 
liver which was able to be successfully resected with an extended 
right hepatectomy. The T-tube aids in the identification of the 
ducts. 

(Slide) After the portal and hepatic veins have been severed, 
they are best closed with a running vascular suture. 

(Slide) After the inflow vessel to the lobe to be resected has 
been divided, a line of demarcation develops between the cyanotic 
liver and the remaining liver. The line of resection should be 
made a couple of centimeters into the cyanotic liver substance 
to preserve the middle hepatic vein. 

(Slide) Elective resection differs from resection for trauma 
in that in resection for trauma control of bleeding is of, primary 
consideration, and a clamp across the porta hepatis may give time 
to control major bleeding and allow a smaller, nonanatomic 
resection. 

(Slide) In performing a right hepatectomy, the chevron incision 
is T-ed up into the 8th intercostal space, and the diaphragm is 
divided in a radial fashion straight dawn to the inferior vena cavae 

(Slide) Once adequate exposure is obtained, the liver is 
retracted medially and the peritonsum is divided. The small 
segmental hepatic veins are controlled with hemoclips, and the 
right hepatic vein is controlled with a vascular suture. 

(Slide) Finally, a liver clamp is placed across the liver at the 
level of the demarcation, and the liver is divided with electric- 
cautery and the blunt edge of a scalpel handle, controlling the 
bleeding points with suture ligatures and clips. 

Dr. Wray, the case you discussed is a fascinating one, and 
certainly confirms our experience that bile duct malignancies are 
quite slow growing. If you can control the jaundice and the liver 
failure due to the obstruction, you can sometimes have quite 
long-term and very satisfying results. 

Dr. Bowden, I believe your data certainly confirm our feeling 
that although the long-term results in malignant disease of the 
liver certainly aren't excellent, the palliation and occasional cure 
make resection worthwhile, 

Dr. Martin, we certainly enjoyed your data, and I think that we 
would agree with you very strongly that extensive diagnostic steps 
are very worthwhile, very informative and very necessary. We 
have discussed these in our paper, but certainly arteriograms are 
necessary when liver resection is contemplated. 


Management of Liver Trauma in 811 


Consecutive Patients 


DONALD D. TRUNKEY,* M.D., G. TOM SHIRES, M.D., ROBERT McCLELLAND 


The treatment of 811 consecutive patients having sustained 
liver trauma from 1963 to 1971 is reviewed. The diag- 
nosis of liver injury secondary to blunt trauma where 
clinical signs are minimal is aided by abdominal para- 
centesis and peritoneal lavage. Emphasis on treatment of 
blunt and penetrating wounds is again on drainage of all 
wounds, resection of devitalized liver tissue, and major re- 
section for uncontrollable hemorrhage. Suture ligation of 
individual vessels and hepatic ducts has replaced the use of 
large mattress sutures. Increased exposure during resection 
and vascular isolation has been improved by using the sternal 
splitting incision. Vascular isolation by the use of an intra- 
caval shunt greatly aids in the treatment of hepatic veins 
and intra-hepatic caval injuries. 


HE INCIDENCE OF TRAUMATIC INJURY to the liver has 
continued to increase each year. This is reflected in 
statistics of the National Safety Council which showed 
that in 1971, 137,000 people were injured daily. Of these, 
32,000 were hospitalized and 1,100 remained permanently 
disabled. In this city alone there are four interstate high- 
ways that traverse the city. In addition, violence in our 
society has also increased as reflected in the number of 
penetrating injuries now seen. This may in part be due to 
increased drug traffic; however, most remain crimes of 
passion. Trauma is now recognized as the number three 
killer overall and the number one cause of death between 
one and 36 years. 
A series of liver injuries seen at Parkland Memorial 
Hospital over the period January 1, 1963 to January 1, 
1971, was reviewed. During the period reviewed, there 
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were 811 injuries of all types which involved the liver 
alone or in combination with one or several other visceral 
organs. These injuries were inflicted by stab wounds, 
gunshot and shotgun missiles as well as various types of 
blunt trauma. The current series of injuries represents a 
sequel to two previous series reported from this institu- 
tion by Sparkman and Fogelman?* covering the period 
from 1947 to 1953, and McClelland and Shires!5 covering 
the period from 1953 to 1963. Data from this series will 
be presented to re-emphasize established concepts and 
to analyze some changing concepts. 

Eight hundred and eleven patients were reviewed for 
the following aspects: age, sex, race, type of inflicting 
agent, anatomic nature of the injury, presence or absence 
of shock on admission, presence of bleeding at the time 
of laparotomy, diagnosis, type of repair carried out, use 
of antibiotics, complications and mortality. This material 
was then analyzed and compared to other series of liver 
injuries from this and other institutions. 


Results 


Diagnosis 


All penetrating injuries to the abdomen in which the 
peritoneum had been obviously violated were explored. 


These included penetrating injuries below the fifth inter- 
costal space in the thorax. Where there was a question of 
whether the peritoneum had been violated, exploration 
of the wound under local anesthesia was performed. If 
the peritoneum had been penetrated, then formal ab- 
dominal exploration was carried out under general an- 
esthesia. With injuries from blunt trauma cases, a history 
of a direct blow to the abdomen was very helpful. Physi- 
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lution, any further drop in blood pressure was interpreted 
as continuing intra-abdominal hemorrhage, in the absence 
of other apparent causes. 

Peritoneal taps were performed in 78 of the patients 
with blunt trauma injuries. There were 17 false negatives 
of which four were eventually positive on second taps. 
In addition, three underwent peritoneal lavage after 
negative taps and all of these were positive for non- 
clotting blood. Peritoneal taps were also performed in 
penetrating wounds particularly in penetrating wounds 
of the low thorax. Two of the penetrating wounds were 
stab wounds and were both positive and nine wounds 
were gunshot wounds and revealed eight positive taps. 
There was: one false negative. A policy has now been 
adopted wherein if an abdominal tap is negative then 
a peritoneal lavage is performed, if there is any indica- 
tion of abdominal injury.” 

Table 1 shows the incidence of injuries according to 
the number of patients by'sex and race and according 
to the type of traumatic agent. Table 2 represents the 
age distribution as well as the type of inflicting agent. 
The bulk of the injuries were in the young age group as 
commonly seen in other series. 

The right lobe of the liver was involved 543 times, the 
left lobe x was involved 204 times and both lobes were in- 
volved. in 64 of the cases. Bleeding was present from the 
liver at laparotomy in 30 of the stab wounds, 109 of the 
gunshot wounds and 79 of the blunt trauma (total 28%). 
Of the 432 gunshot wounds, 36 of these represented shot- 
gun blast injury which had a mortality rate of 25%. 


Surgical Therapy 


Table 3 indicates the various methods of treatment that 
have been carried out on these patients. This is further 


TABLE 1. Incidence of Types of Injury, Race and Sex 
Stab Wound Gunshot Wound* Blunt 

Black male 107 221 32 
White male 53 100 61 
Black female 18 44 22 
White female 7 30 36 
Latin American male 21 35 19 
Latin American 

female gn 3 





* 36 shotgun blasts. 


Vol. 179 + No. 5 MANAGEMENT OF LIVER TRAUMA * 793 
cal examination often revealed muscular spasm or rigid- TABLE 2. Incidence of Types of Injury and Age 

ity. Other useful parameters included blood pressure de- mos Stab Wound Gunshot Wound EIE 
terminations, a falling hematocrit in an otherwise stable — ——————— 

0-10 i 3 22 
patient and abdominal paracentesis. During the later 11-20 36 58 30 
period of this study, peritoneal lavage proved useful as 21-30 83 198 55 
an adjunctive procedure when negative paracentesis was 31-40 26 82 23 

i 41—50 17 32 16 

obtained. Most blunt trauma patients (61.22) were in 51-60 7 25 12 
shock. After initial resuscitation with Ringers lactate so- 61-70 2 7 7 
7i- 3 3 2 


broken down into the type of wounding agent in each 
series. 

No suture and no drains were used in two patients, 
both representing blunt trauma victims who had super- 
ficial linear capsular lacerations with no bleeding. No 
suture repair with drainage was carried out in 565 cases 
(69.1%). Most of these represented small, simple lacera- 
tions or perforations which had stopped bleeding at the 
time of laparotomy or stopped during laparotomy after 
temporary gauze packs had been applied and the rest 
of the exploration carried out or other injuries attended 
to. Drainage was carried out by several soft one-inch 
Penrose drains placed next to the wound and brought 
out the tip of the twelfth rib or through a resection of the 
twelfth rib. These drains were left in for 5-10 days, being 
slowly removed over a 3-day period. They were never 
removed in the presence of bile drainage or any drainage 
at all, until a good track had been formed around the 
drains which was thought to be no sooner than two 
weeks, 

For the usual laceration which was rather extensive 
and continued to bleed, which represented 167 (20.4%) 
of the total number of cases, suture was necessary. Dur- 
ing the early part of this series this consisted usually of 
interlocking horizontal mattress sutures of 0 to 1 chromic 
catgut set back about 2 cm from the edge of the lacera- 
tion. During the latter periods, however, most bleeding 
points were managed by direct suture to the offending 
vessel. It is thought that this technique reduces the 
chances of necrosis between the interlocking horizontal 


TABLE 3. Methods of Treatment 
Treatment Stab Wound Gunshot Wound Blunt 
No suture, no drains 2 
No suture, drained 177 309 79 
Suture, drained 38 82 47 
Debridement 6 4 
Sublobar resection 8 11 
Lobar resection 11 23 
Hepatic veins 3 8 
repaired 
Portal injury 2 12 1 
CBD 5 1 
Vessel 2 7 
Biltary drainage 13 10 
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mattress sutures, and therefore reduces the chances of 
hematobilia. There were ten cases of liver injury which 
required debridement. This is not to be interpreted as 
formal resection as this usually meant some segment had 
been removed by the initial injury or the blast effect. 
Necrotic liver was simply removed and bleeding points 
ligated. 

There were 58 (6.52) either sub-lobar or lobar resec- 
tions. In addition, there were 11 cases requiring hepatic 
vein répair and an additional 15 patients had isolated por- 
tahepatic injuries. Of the latter injuries, six involved the 
common bile duct alone and nine either involved the 
hepatic artery or portal vein or a combination of the two. 
Common duct drainage was carried out in 23 cases al- 


TABLE 4. Complications 
(235 patients (29%) had one or more complications for a total of 
278 nonfatal complications) 


Penetrating Blunt 

F.U.O. 7 1 

Superficial wound inf. 21 4 

Atelectasis 48 4 

Pneumonia 20 5 

UT 4 2 

Prolonged ileus 4 

Subphrenic abscess 9 5 

Fecal fistula 1 

S.B.O. ..12 2 

Pancreatitis 10 9 

Pleural effusion 10 3 

Hemo-pneumo (P op) 10 1 

SB—fistula 1 

Jaundice . 2 3 
. Renal failure 

Stress ulcer 1 

Biliary fistula 2 

Hemobilia ' 

Thrombophlebitis 

Postop. bleeding 4 

Drain tract inf. 1 i 

M.I. 

Bile peritonitis Y, 

Resp. insuff. 4 

DIC i 


Transient liver failure 
Diaphragmatic hernia 
Septicemia 

CHF 

Duodenal fistula 
Pancreatic fistula 

Pelvic abscess 
Dehiscence 

Necrosis R kidney 
Bronchobiliary fistula 
Cardiac arrest 
Breakdown vascular repair 
Duodenal pyelo fistula 
Empyema 

Perirectal abscess 
Common duct stricture 
Uretero cutaneous fistula 
Delerium tremens 
Intrahepatic abscess 
Parotid pseudocyst 
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though not all of these represented resections. Biliary 
drainage was performed in all common duct injuries and 
in some patients who also had associated pancreatic in- 
juries. There were only two instances where Gelfoam 
was used. 

Almost all patients were treated with antibiotics, us- 
ually penicillin and tetracycline. If wound complications 
or sepsis developed, appropriate changes were made with 
respect to the culture and sensitivity. During the last half 
of this study there was a tendency to start the patients 
initially on cephalothin if there was an associated colon 
injury. All antibiotics were started either in the emer- 
gency department or during the operation. All patients in 
shock received antibiotics. 


Complications 


235 patients (29%) had one or more complications for 
a total of 278 non-fatal complications. Table 4 lists all of 
these complications and further identifies them by eti- 
ology of wounding agent. The most common complica- 
tions were pulmonary in origin (11%) and consisted of 
either atelectasis, pneumonia, or pleural effusion. 

There were 25 superficial wound infections and four 
wound dehiscences. There were five instances of biliary 
fistula that persisted more than four weeks. Four of these 
eventually closed; however, one is persistant seven years 
after the original right lobectomy. There was one in- 
stance of common duct stricture. 

It should þe noted that there were 11 postoperative 
occurences of either a pneumothorax Or hemothorax. All 
of these were associated with thoracic injury; however, 
the hemothorax or pneumothorax did not develop until 
after operation. In no instance was this a fatal compli- 
cation. 


Mortality 


The overall mortality in this series was 132 (106 pa- 
tients). 313 patients: (38.6%) arrived in the emergency 
room either in clinical shock or with a blood pressure 
below 80/40. Of those patients arriving in shock, 32.2% 
(101 patients) eventually died. There were only five 
deaths in patients who arrived in the emergency room 
normotensive. The causes of death in the 106 fatal cases 
are tabulated in Table 5 and in addition are classified in 
relation to the inflicting agent and also to whether a 


lobectomy was performed. Similarly the cause of death 


was recorded as related or unrelated to the liver injury. 
If the death was clearly related to an associated injury 
then it was listed in the unrelated column. Conversely, 
if the cause of death was clearly related to the liver in- 
jury then it was so listed. Seventy-two of the deaths 
(67.9%) were thought to be unrelated to the liver in- 
jury. The bulk of these deaths (29) were secondary to 
hemorrhage and most were associated with aorta, in- 
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ferior vena cava, or niajor vessel injuries. Eight deaths 
were related tc closed head injury seen only in the blunt 
trauma cases. Seven deaths were related to sepsis and 
seven deaths were related to pulmonary insufficiency. 

Within the 34 deaths directly related to liver injury, 
26 (76.55) were due to hemorrhage. In addition there 
were five patients who died from bleeding and dissemi- 
nated intravascular clotting associated with massive 
transfusion. Five of the hemorrhage deaths were thought 
to be secondary to irreparable liver injuries such as com- 
plete avulsion of the livér from the cava or bilobar lac- 
erations of such an extent that repair could not be under- 
taken. Of the 34 deaths, four sustained cardiac arrest in 
the emergency department during resuscitation. All of 
these patients underwent open cardiac massage in the 
emergency room and were taken immediately to the op- 
erating room where attempted repair or resection was 
undertaken. An additional 13 patients sustained cardiac 
standstill -before control of the liver hemorrhage was ac- 
complished. 

The mortality in liver trauma was in direct relation 
to the number of other organs involved. Table 6 shows 
the rising mortality when organs in addition to the liver 
were injured. In addition, analysis was made of the differ- 
ent associated organ involvement. In blunt trauma when 
the inferior ay cava, aorta, right colon and heart were 
involved the risk was higher, (P greater than .05). As- 
sociated organ injuries in penetrating trauma that in- 
creased mortality. included stomach, aorta, pancreas, in- 
ferior vena cava, major vessels and colon (P greater 
than .05). 

‘The highest mortality was associated with shotgun 
blasts. which has a 25% mortality. Next was blunt trauma 
which had a mortality rate of 20.2%. Miscellaneous deaths 
that are noteworthy include two patients who died. from 
sepsis secondary to missed injuries. One was a missed 
stomach injury and the other a missed pancreatic injury. 
One patient died following a right lobectomy and combi- 
nation Whipple cperation. One patient died from dis- 
ruption of a suture line in the thoracic aorta five weeks 
following repair at the time of the initial operation for 
liver injury. One patient died secondary to a duodenal 
fistula and he represented one of two of the entire as- 
sociated duodenal injuries (60), who. had not had a 
duodenostomy. 

The mortality rate for the 53 patients who dedit 
either sub-lobar or lobar resection was 47.2% which isan 
increase from the previously reported series. Seven of 
the deaths were unrelated to the liver injury and were 
secondary to associated injuries. One of these was sec- 
ondary to a myocardial contusion, two were due to sepsis, 
three to pulmonary insufficiency ànd one patient died on 
the fifth post-operative day from a sudden cardiac arrest 
and at post mortem examination no explanation could 


MANAGEMENT OF LIVER TRAUMA ki 


725 
TABLE 5a. Causes of Death Unrelated io Liver Injury 
| No 
Cause of Death Lobectomy Portal Lobectomy 

Hemorrhage 1 26P 2B 
Pulmonary insuff. 2P 1B 3P 4B 
Sepsis 2P LP: 
Closed head 8B 
Aspiration 2P 1B 
Myocardial contusion iB 1B 
DIC i iP 1B 
Unexplained 1B 1B 
Postop. MI IP 
Pancreatico-duod. 

fistula [P 
CHF 1P 
Aortic aneurysm iP 
Infected prosthesis iP 
Broncho-cut. fist. [P 
Pulmonary embolus 1P 
Pancreatitis iP 
Air embolism IE 

` Total 5P 3B 1 47P 16B 


P = penetrating; B = blunt. 


be found. The pulmonary insufficiencies were secondary 
to flail chest. In those deaths related to the lobectomy, 
twelve were secondary to hemorrhage, three secondary 
to disseminated intravascular clotting, two to sepsis and 
one to pulmonary insufficiency. 


Discussion 


Penetrating wounds of the abdominal cavity usually 
do not present a diagnostic problem and these wounds 
are explored. Only stab wounds of questionable depth 
are explored locally and if penetration of the peritoneum 
is established by this procedure a formal laparotomy is 
then perfor med. Penetrating wounds of the thorax below 
the 5th intercostal space may violate the peritoneal cav- 
ity and laparotomy is the most conservative therapy. In 
patients with blunt trauma when there are clear-cut clini- 
cal signs such as rigidity, distention, or unstablé vital 
signs (without other evident blood loss) laparotomy is 
performed. In patients where the findings are ill-defined, 
then peritoneal tap may be helpful. In all negative taps, 
peritoneal lavage is then performed as this will greatly 
increase the accuracy of diagnosis. 25 

Since the last. review of liver injuries at pBorkland. the 
methods of treatment have remained essentially the same 
but the incidence of treatment. modalities has changed. 


TABLE 5b. Causes of Death Related to Liver Injury 


^J No 
Cause of Death Lobectomy Portal Lobectomy 
Hemorrhage 5P 7B 1 8P 5B 
DIC 2P 1B 1 iB 
Sepsis 2P 
Pulmonary insuff. 1B 
Total | 9P 9B 2 8P 6B 
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TABLE 6. Relationship o) Associated Injuries to Mortality Rate 


Injuries Deaths V7 

Liver alone 189 6 35.1 
Liver plus one injury 134 1i 8.2 
Liver plus two injuries 201 16 7.9 
Liver plus three injuries 153 25 16.3 
Liver plus four injuries 53 11 20.7 
Liver plus five or more 81 37 45.6 

injuries 

` Total 811 106 13 


Most injuries (69.1%) were managed simply by evacuat- 
ing the blood and draining the injury for possible bile 
leak. In the prior series only 28.92 were managed by this 
means. At that time, it was pointed out that suturing may 
create dead spaces and lead to abscess formation, hemo- 
bilia and strangulation or necrosis of surrounding liver 
tissue. An extension of this concept is the moditication 
of suturing of bleeding lacerations. In the previous 
series, this was accomplished by mattress sutures. How- 
ever, more recently, direct suture ligation of the bleeding 
vessel has proven more efficacious. This reduces the 
chance of strangulation, subsequent necrosis and de- 
velopment of hematobilia. It may be necessary to extend 
or unroof a laceration to gain control of bleeding points 
by this method. 

Biliary drainage was performed in 23 cases and most 
involved portal injuries. There were only three instances 
of bile peritonitis and none were fatal. There was a single 
persistant bile fistula and whether this could have been 
prevented by common duct drainage is doubtful. Lucas 
et al? have demonstrated that biliary drainage and de- 
compression cannot be equated. It is not reasonable to 
drain the common bile duct in all major liver injuries un- 
less there is a common duct injury or associated duodenal 
or pancreatic injury. 

Blunt trauma continues to be the most difficult liver 
wound to treat and although it is second in overall mor- 
tality to shotgun blasts, there were more total patients 
(34) dying secondary to blunt trauma injuries. The pa- 
tients with blunt trauma were more difficult to manage 
surgically as only 45.6% were treated with drainage alone, 
compared to penetrating injuries (76.1%). Suture of a 
bleeding laceration was necessary in 27.1% of the blunt 
trauma injuries compared to 18.82 in the penetrating in- 
juries. Of all the patients with blunt trauma 19.62 re- 
quired either a sub-lobar or lobar resection compared 


TABLE 7. Mortality 


Overall mortality 106 patients (13%) 

313 patients (38.695) arrived in shock* 

101 patients (32.2%) in shock eventually succumbed 
25% mortality in shotgun blasts 


* BP « 80/40 or clinically in shock 
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with 2.92 of the penetrating injuries. Hepatic vein injury 
was more common in blunt trauma whereas portal in- 
jury was more common in penetrating trauma. 

The method of resection remains unchanged since the 
last report. This is basically the same as described by 
Quattlebaum.”* Exposure has been enhanced by perform- 
ing a sternal split instead of the traditional right thora- 
coabdominal hockey stick incision. This has been pre- 
viously described by Miller.1* Hemorrhage is controlled 
by temporary guaze packs or the Pringle?! maneuver. 
This latter method may be used for 15-20 minutes in 
the normothermic individual. However, longer periods 
are possible with hypothermia or by intermittent release 
of arterial occlusion. The line of resection fox the right 
lobe (Fig. 1) is usually chosen to pass from the edge of 
the gall bladder fossa to a point just to the right of the 
vena cava. The line of resection for the left lobe is 1-2 
cm to the left of this point. The middle hepatic vein, as 
Healy? and Braasch? have shown, lies between the right 
and left lobes in the plane through the middle of the gall 
bladder bed down to the vena cava. By staying a little 
to one side of this vein, the lobar resections may ‘be 
carried out in an anatomic fashion. It may also be help- 
ful, provided there is no hepatic vein injury, to leave a 
cuff of liver tissue (1-2 cm) on the vena cava. In addi- 
tion to the major hepatic veins, there are 10-15 smaller 
hepatic veins from the right lobe and leaving a cuff obvi- 
ates dissection of each of these. If there is any question of 
hepatic vein or. vena cava injury the liver must be dis- 
sected free from the vena cava. 

To resect the lateral segment of the left lobe, the line 
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of resection should be carried 1 or 2 cm to the left or 
right of the falciform ligament in order to avoid the left 
branches of the hepatic artery, the portal vein and the 
hepatic ducts which run deep to the groove in the liver 
demarcated bv the attachment of the falciform ligament. 
This methodology has been quite successful in the 
emergency hepatic resection.’ 

After the line of resection has been chosen, the liver 
is divided either sharply or bluntly (finger fracture tech- 
nique of Lin). Large vessels and hepatic ducts are 
clamped. The assistant may significantly reduce bleeding 
by compressing the nonresected liver between his hands. 
Individual bleeding points are then suture ligated. After 
all hemorrhage is controlled, omentum may then be 
sutured over the raw surface if available. 

The technique of vena cava isolation has been recently 
described** and other methodologies also exist.?:?* Briefly, 
the intra-caval shunt is inserted in a stepwise fashion as 
follows: 

1. Hemorrhage is initially controlled by gauze pack 
tamponade until the shunt is inserted. 

2. Afferent hepatic blood flow is arrested by an oc- 
clusive umbilical tape tourniquet or suitable vascular 
clamp around the hepatoduodenal ligament ( Fig. 2). 

3. Umbilical tape tourniquets are placed around the 
suprarenal inferior vena cava after it is rapidly exposed 
by medial mobilization of the duodenum and. head of the 
pancreas (Kocher maneuver ). 

4. The shunt is then cut to the proper length as esti- 
mated for a particular patient, filled with saline, and 
clamped to avoid introduction of air into the vena cava. 
The tube is introduced into the vena cava through the 
longitudinal venotomy made between the two tourniquets 
and advanced superiorily until it is estimated that the 
shunt tip is just above the diaphragm. 

9. The other end of the tube is quickly introduced 
into the inferior vena cava after momentarily releasing 
the inferior occlusive tape (Fig. 3). Bleeding from the 
venotomy is controlled by firmly applying the tape tourni- 
quets about the cava and indwelling shunt after its in- 
sertion. 

6. After insertion of the shunt the midline abdominal 
incision is extended cephalad and a sternal split accom- 
plished. Sufficient water is then injected through the 
separate small side channel of the shunt or an occlusive 
umbilical tape may be placed around the supra-hepatic 
inferior vena cava and the shunt thus accomplishing total 
hepatic vascular isolation. This technique has been used 
successfully four times in seven hepatic. vein injuries in 
this series. 

Other adjuncts to treatment of liver injuries have been 
advocated. It has not been the policy to use a trans-hepa- 
tic heptostomy!? as this may aggravate bleeding. Mays,** 
Madding!! and more recently Lewis et al have advo- 
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RUMMEL TAPE OCCLUDING 
P, - RuNMEL VEIN, HEPATIC 
S. ARTERY AND COMMON DUCT 


RUMMEL TAPES OCCLUDING 
CAVA TEMPORARILY UNTIL 
INTRACAVAL SHUNT INSERTED 
AND UNTIL CAVAL INCISION 
IS SUTURED AFTER SHUNT 
REMOVAL. 


3-4 cm. INCISION MADE IN 
LV.C. FOR INSERTION OF 
INTRACAVAL SHUNT 





Fic. 2. Intracaval shunt insertion in suprarenal inferior vena cava. 


cated selective ligature of branches of the hepatic artery 
or portal vein as an adjunct to control of hemorrhage. 
This may have value in isolated injuries of intra-hepatic 
vessels and was used one time in this series when the 
right portal vein was ligated secondary to injury from 
a deep stab wound. This was not used as a replacement 
for resection in those patients sustaining blast injury with 
large segments of devitalized tissue, or where major 
hemorrhage is a problem. This is particularly true when 
there is associated hepatic vein or vena cava injury. Such 
injury may be strongly suspected when the Pringle ma- 
neuver abates but does not control the hemorrhage. 

It has been recently reported?? that a non-operative 
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approach to sub-capsular hematomas may be warranted. 
Caution must be exercised in such an approach for sev- 
eral reasons. There is often associated extensive paren- 
chymal damage which necessitates debridement. A sec- 
ond reason is illustrated by a patient who was observed 
by the pediàtric service in the emergency department 
until the patient had cardiac arrest from volume loss. 
Laparotomy revealed an 800 cc sub-capsular hematoma. 
The patient expired during a lobectomy. Liver scans 
probably do not portray an accurate picture of the 
amount of blood loss into the hematoma or the amount of 
devitalized liver which usually is present. Containment 
of a liver injury by subcapsular hematoma should not be 
a deterrent to exploration and evacuation. 

Mortality rates following major resection for liver in- 
juries in recent seriest:45.8,18,17,18,26.21 vary from 7% to 69%. 
The mortality rate in this series was 47.2% which com- 
pares very favorably with other large recent series (San 
Francisco General 56%, Los Angeles County 43%, Viet- 
Nam 43.1%, Ben Taub Hospital, Houston 69%). This is, 
however, an increase from the previous Parkland series 
of 20%. This is probably accounted for by several factors. 
Ambulance service has increased in efficiency and compe- 
tency thus bringing more critical patients who had previ- 
ously died at the scene of the accident to the emergency 
department. A very aggressive policy of resuscitation 
has been established. Moribund patients have vigorous 
volume replacement with crystalloid solution and whole 
` blood. All patients that sustain cardiac arrest from hypo- 
volemia have an immediate left thoracotomy as it is im- 
possible to resuscitate an empty heart with closed chest 
massage. The supradiaphragmatic aorta may be clamped 
to maintain aedquate volume to the brain and heart. Im- 
mediate laparotomy is subsequently performed to control 
hemorrhage. In this series seven patients sustained 
cardiac arrest in the emergency room and two eventually 
survived. Thirteen arrested during surgery before control 
of hemorrhage was attained and eight arrested after con- 
trol was obtained but before a definitive procedure could 
be performed. All of these patients represent a very high 
risk group and salvage was not high. 

Overall mortality in this series has increased slightly 
from the previous series from 11.2% to 13%. Most of these 
deaths (67.9%) were unrelated to the liver injury and the 
bulk of these were secondary to associated major vessel 
injury. Increased mortality was also noted in those pa- 
tients with one or more ‘other associated injuries. 


References 


l. Amerson, R. J., and Stone, H. H.: Experiences in the Man- 
agement of Hepatic Trauma. Arch. Surg., 100:150, 1970. 


2. Braasch, J. W.: The Surgical Anatomy of the Liver and Pan- 
creas. Surg. Clin. N. Amer., 38:747, 1958. 


TRUNKEY, SHIRES AND McCLELLAND 


3. 


13. 


14. 


15. 


21. 


Ann. Surg, * May 1974 


Davis, E. A., Falk, G., Yarnoz, M., and LeVeen, H. H.: An 
Improved Technique for the Repair of the Intrahepatic 
Inferior Vena Cava and Hepatic Veins. J. Trauma, 11:738, 
1971. 


. Donovan, A. J., Michaelian, M. and Yellin, A. E.: Anatomical 


Hepatic Lobectomy in Trauma to the Liver. Surgery, 73: 
833, 1973. 


. Fischer, R. P., Stremple, J. F., McNamara, J. J. and Guernsey, 


J. M.: The Rapid Right Hepatectomy. J. Trauma, 11:749, 
1971. 


. Healey, J. E., Jr.: Clinical-anatomic Aspects of Radical He- 


patic Surgery. J. Intern. Coll. Surg., 22:542, 1954. 


. Lim, R. C., Knudson, J. and Steele, M.: Liver Trauma: Cur- 


rent Method of Management. Arch. Surg., 104:544, 1972. 


. Lin, R. K. and Chen, Liu, T. K.: Total Right Hepatic Lobec- 


tomy for Primary Hepatomas. Surgery, 48:1048, 1960. 


. Lucas, C. and Alexander, M.: Analysis of Randomized Biliary 


Drainage for Liver Trauma in 189 Patients. J. Trauma, 
12:719, 1972. 


. Madding,. G. F. and Kennedy, P. A.: Hepatic Artery Ligation. 


Surg. Clin. N. Amer., 52:719, 1972. 


. Mays, E. T.: Observation and Management after Hepatic Ar- 


tery Ligation. Surg. Gynecol. Obstet., 124:801, 1967. 


. Mays, E. T.: Lobectomy, Sublobular Resection, and Resec- 


tional Debridement for Severe Liver Injuries. J. Trauma, 
12:309, 1972. 


McClelland, R., Canizaro, P. and Shires, G. T.: Repair of 
Hepatic Venous, Intrahepatic Vena Cava and Portal Vein 
Injuries. In Trauma to the Liver. Chapter 10. Madding and 
Kennedy, editors. Philadelphia, W. B. Saunders, 1971. 


McClelland, R. N. and Shires, G. T.: Management of Liver 
Trauma in 259 Consecutive Patients. Ann. Surg., 161:248, 
1965. 


Miller, Don R.: Median Sternotomy Extension of Abdominal 
Incision for Hepatic Lobectomy. Ann. Surg., 175:193, 1972. 


. Morton, J., Roys, G. and Bricker, D.: The Treatment of Liver 


. Injuries. Surg. Gynecol. Obstet., 134:298, 1972. 


. Payne, W., Terz, J. and Lawrence, W.: Major Hepatic Resec- 


tion for Trauma. Ann. Surg., 170:929, 1969. 


. Pickleman, J. and Block, G.: Adjuncts to the Operative Man- 


agement of Penetrating Liver Injuries. Arch. Surg. 106: 
402, 1973. 


. Pringle, J. H.: Notes on the Arrest of Hepatic Hemorrhage. 


Ann, Surg., 48:541, 1908. 


. Quattlebaum, J. K. and Quattlebaum, J. K., Jr.: Technique of 


Hepatic Lobectomy. Ann. Surg., 149:648, 1959. 


. Richie, J. P. and Fonkalsrud, E.: Subcapsular Hematoma of 


the Liver. Arch. Surg., 104:781, 1972. 


. Shrock, T., Blaisdell, F. W. and Mathewson, C.: Management 


of Blunt Trauma to the Liver and Hepatic Veins. Arch. 
Surg., 96:698, 1968. 


. Sparkman, R. S. and Fogelman, M. J.: Wounds of the Liver. 


Ann. Surg., 139:690, 1954. 


. Thal E. R. and Shires, C. T.: Peritoneal Lavage in Blunt 


Abdominal Trauma. Am. J. Surg., 125:64, 1973. 


. Walt, A. J.: The Surgical Management of Hepatic trauma and 


its Complication. ‘Ann. Roy. Coll. of Surg., 45:319, 1969. 


White, P. and Clevland, R.: The Surgical Management of 
Liver Trauma. Arch. Surg., 104:785, 1972. 


Are your fingers 
telling you 
enough? 





Trave nol 
Surgeon's 
loves 


“The Problem Solver’ 





Responding to your needs 
with new and better 
hospital products 








When you have to suture by touch, it's reassuring to 
know that your tactile sense will not be significantly 
impaired by your gloves. TRAVENOL Surgeons Gloves 
retain skin sensitivity for delicate procedures. 


TRAVENOL Surgeon's Gloves are made of a strong, 

but thin latex which provides dependable durability and 
strength without sacrificing all-important 

sensitivity. And a patented TRAVENOL mold forms gloves 
that provide improved comfort with reduced stress 
across the palm and less strain on the thumb joint. 


CAUTION: After donning, remove powder by wiping 
gloves thoroughly with a sterile wet sponge, sterile 
wet towel, or other effective method. 


TRAVENOL LABORATORIES, INC. 


Deerfield, Illinois 60015 


38A 





when pain goes on... 
and on... 


Ind on- 








e analgesic formula that calms instead of caffeinates NAA 





r the patient with a terminal illness, PAIN past, present, and future can dominate TUS 
thoughts until it becomes almost an obsession. The more he is aware of the pain "m 
is now experiencing, the more difficult it is to erase his memory of yesterday's 
n, and to allay his fearful anticipation of tomorrow s pain. 


'ely the last thing this patient needs is an analgesic containing caffeine tc stimulate 
senses and heighten pain awareness. A far more lagical choice is Phenaphen 

h Codeine. The sensible formula provides % grain of phenobarbital to take 

nervous "edge" off, so the rest of the formula can help control the pain more 

»ctively. Don't you agree, Doctor, that psychic distress is an important factor 

nost of your terminal and long-term convalescent patients? 


(8) 2 3y 
t a = 
, E 
"UM 
il 
-y 
de 
< 
m 
d 


a " . -— x 
ESI ,* 
Kes 


we < p 
-— y 


JR 
3 
^ 
v 
7 





t 

, 
‘+ 
^w 


, 
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Are you heading for a precise perfusion; 
or are you needlessly exposed to a po- 
tential disaster? Your Olson is safe... still. 
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Dr. Philip Thorek shows you, step-by-step, 


the operative procedures he has found most 


effective in a broad range of surgical problems 


ATLAS OF SURGICAL TECHNIQUES 
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Illustrated by Carl T. Linden 


From tracheostomy to subtotal gas- 
trectomy, each procedure presented in 
this atlas has proven its advantages 
over and over again in the operating 
room. In collaboration with the bril- 
liant medical artist Carl T. Linden, 
Dr. Thorek covers the surgical prob- 
lems most frequently encountered in 
daily practice. Youll find pages de- 
voted to procedures such as hernior- 
rhaphy, splenectomy, thoracostomy, 
hemorrhoidectomy, etc. Each opera- 
tive procedure is clearly presented, 
step-by-step, on a right hand page, 
with explanatory text on the facing 
page. 

Where competitive techniques for 
given conditions exist, Dr. Thorek 
states his preferences with character- 
istic clarity and candor. Every choice 
is critically discussed and firmly sup- 


ported in the detailed presentations. 


All the illustrations are original, the 
text type is large and legible, and the 
beautiful illustrations are labelled with 
maximum clarity. The authors repu- 
tation as a medical communicator is 
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brarv."—British Journal of Surgery. 
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Followup Study of Surgically-Treated 


A series of 82 patients with surgically-managed primary 
hyperparathyroidism have been followed for one to 6.5 years. 
The surgical management consisted of the selective removal 
of abnormal parathyroid tissue determined by an estimation 
of weight. The followup has been 100%, and during this 
period ten. patients have died. In the remainder, there has 
been no clinical evidence of recurrence of hyperparathyroid- 
ism. In only one patient was there an elevated serum calcium 
at the most recent examination. 


HERE ARE FEW REPORTS IN THE LITERATURE concerned 
T vin long-term followup. of surgically treated hyper- 
parathyroidism. Of the reports that have been made, 
most??? indicate good to excellent results in those pa- 
tients who have not had advanced renal or bone disease 
prior to surgical management. The recent reports of Haff 


et al." and of Paloyan et al.’1118 indicate a high re- 


currence rate in surgically-treated hyperparathyroidism 
unless al! but a small fragment of parathyroid tissue is 
removed. A study by Goldman et al.‘ reports seven recur- 
rences in 300 cases of hyperparathyroidism occurring for 
the most part in patients with familial hyperparathyroid- 
ism or multiple endocrine adenomatosis. 

In view of these reports of significant recurrence rates, 
it seemed appropriate to reexamine the results in our 
cases, since the surgical management of hyperparathy- 
roidism in our institution has, for the most part, in- 
volved the removal of only obviously diseased tissue. 
It is the purpose of this paper to report our findings. 


Clinical Material and Methods 


During a 30-year period ending August, 1973, 230 
explorations were done at the North Carolina Baptist 


Hospital (NCBH) for suspected hyperparathyroid dis- 


Presented at the Annual Meeting of The Southern Surgical Asso- 
ciation, December 3-5, 1973, Hot Springs, Virginia. 
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ease. Of these, 45 were negative explorations. In the re- 
maining 185 patients who had positive explorations, 152 
had one or more parathyroid adenomata (82.2%), 20 had 
primary hyperplasia (10.8%), 11 had secondary hyper- 
plasia (5.9%), and two had carcinoma (1.02). The ma- 
jority of these patients, 138 (66%), were operated on after 
November, 1966, when a 12-channel serum auto-analyzer 
was put into operation at NCBH. Since November, 1966, 
positive hyperparathyroid disease has been the diagnosise 
in one of every 933 admissions to this institution. 

Patients explored during the 5.5 year period from 
November, 1966, through June, 1972, were considered for 
this followup study. This period was chosen because our 
data are most complete on these later cases, because the 
period corresponds to the period covered by those authors 
reporting increased recurrence rates and because less- 
advanced disease was treated during this period when 
detection was made easier by the SMA 12/60. During this 
period, 112 exploratory operations for hyperparathyroid 
disease were done. Twenty-one were negative explora- 
tions; 91 showed definite disease (One of the patients 
with a negative exploration was reexplored with positive 
findings.). The disease in nine patients was diagnosed as 
secondary hyperplasia, and these nine were excluded 
from the final series. Eighty-two patients with primary 
hyperparathyroid disease remained. 

Of the 82 patients, 54 were women. The oldest pa- 
tient was 77-years-old, the youngest 14. The median age 
was 58 years, the average age 54.7 years. Forty-five (55%) 
were in the sixth or seventh decade of life. 

Seventy-one patients (86.62) had one or more adeno- 
mata; ten (12.2%) had primary hyperplasia and one 
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TABLE 1. Comparison of Number of Glands Found to Number of 
Glands Removed | 
No. of Glands : 
Found and Adenoma Hyperplasia Carcinoma 
Removed No. of patients No. of patients No. of patients 
1 of 1 12 
1 of 2 4 
1 of 3 10 
1 of 4 20 3 i 
2 of 2 4 i 
2 of 3 2 
2 of 4 {1 1 
3 of 3 3 1 
3 of 4 3 3 
3 of 5 1 
Totals 69* 10 1 


* In 2 patients 1 gland was removed but the total found was not 


given 


(1.2%) had parathyroid carcinoma. The number of glands 
found and removed are summarized in Table 1. None of 
these glands was found imbedded in the thyroid tissue 
removed. 

All clinical records and pathologic findings were re- 
viewed for confirmation of diagnosis and proper classi- 
fication. Follow up consisted of establishing, for all 82 
patients (100% followup ), the current serum calcium and 
phosphorus levels and the current clinical status, either 
by 1) personal evaluation by recall to the clinic (46 pa- 
tients) or 2) personal contact with the patient’s referring 
physician (36 patients). The records of the patients who 
died during the follow-up period were evaluated to de- 
termine whether any evidence of recurrent parathyroid 
‘disease existed before death, or if the cause of death 
was related to the patients’ previous hyperparathyroid 
disease. 


Results 


. For all patients, we defined recurrence of hyperpara- 
thyroidism as a return of clinical evidence of hyperfunc- 
tioning parathyroid tissue and recurrent hypercalcemia 
with hypophosphatemia. The normal ranges for these 
serum levels in this institution are 8.5-10.5 mg% for cal- 
cium and 2.5-4.5 mg% for phosphorus. Whenever a lab- 
oratory determination was done in another institution, the 
normal values at that institution are given. 


Adenoma 
The 71 patients with adenoma have been followed up 
from 1 to 6.5 years. Ten patients died from 17 days to 


TABLE 2. Cause of Death 


Cause No. of Patients 


CVA 

Myocardial infarction 
Heart failure, renal failure 
Cerebellar metastatic tumor 
Pulmonary embolus 
Necrotizing myelitis 


ei eh pe m^ P INO M» 


Total 


MYERS 


Ann. Surg. * May 1974 


three years postoperatively ( Table 2). In eight of these, 
normal serum calcium and phosphorus determinations 
were made during the final hospitalization, and recurrent 
disease was excluded in a ninth patient by autopsy. Al- 
though the remaining patient had neither serum calcium 
and phosphorus determinations before death nor au- 
topsy, an evaluation of his condition before death did 
not suggest recurrent disease. In seven of these ten 
patients, death was due to cardiovascular or renal causes 
and may have been related to prior hyperparathyroid 
disease. In the remaining three patients, death from me- 
tastatic tumor, pulmonary embolus or necrotizing mye- 
litis was considered unrelated to their previous disease. 

In the 61 living patients the serum calcium and phos- 
phorus levels at latest follow up were normal. Forty of 
the 61 are completely asymptomatic although four of 
these, since operation, either had passed or had had an 
operation for kidney stones known to be present before 
the parathyroid operation; one patient had had an 
operation for duodenal ulcer. 

The remaining 21 patients, although they consider 
themselves improved postoperatively, still have some 
renal, gastrointestinal, cardiovascular, or bone problems, 
alone or in combination, and these problems may relate 
to their prior hyperparathyroidism: eight patients are 
hypertensive; one patient has mild congestive failure; 
one has had a nonfatal cerebral vascular accident; ten 
have residual renal disease; two have peptic ulcers; and 
three have gout or arthritis. 


Hyperplasia 


The ten patients with hyperplasia have also been 
followed up for 1.5 to 6.5 years. The single instance of 
elevated serum calcium (10.6 mg%) in the total series 
occurred in this group of patients. This one patient 
may well have persistent or recurrent hyperparathyroid- 
ism, since only two glands were found at operation 
and both proved to be hyperplastic. Despite his slightly 
elevated serum calcium, this patient has no symptoms 
of recurrent or persistent hyperparathyroidism. He did 
have an operation for duodenal ulcer 1.5 years after op- 
eration. Before removal of his two hyperplastic glands he 
had had many renal stones; over the intervening 2.5 years 
he has had none. In the remaining nine patients, two 
have arthritis and one passed three kidney stones imme- 
diately after operation. One patient had an associated 
thyroid carcinoma which was removed at a later opera- 
tion and he is now doing well. 


Carcinoma 


The one patient with carcinoma of the parathyroid 
is living but has residual malignancy. His serum calcium 
and phosphorus levels are elevated and he shows signs 
of progressive nephrocalcinosis and renal failure. 
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Discussion 


During the past 30 years, with rare exceptions, all 
operations in this series were done by one of two sur- 
geons, and their philosophy of selective removal of 
parathyroid tissue in patients with hyperparathyroidism 
has remained relatively unchanged. The guidelines gov- 
erning their surgical approach to the hyperparathyroid 
patient are: 


l. An uncompromised effort should be made by the 
surgeon to identify all parathyroid tissue. 


2. All grossly abnormal parathyroid tissue (deter- 
mined by an estimation of the weight of the mass) 


should be removed. 


3. The removed tissue should be weighed, frozen sec- 
tions made, and the slides studied by the surgeon and 
a pathologist. 


4. Biopsy of one or more “normal” glands should be 
done. (This has been done consistently only over the 
past three years. ) 


5. Clinical, gross, and microscopic findings (perma- 
nent, not frozen slides) should be correlated and a diag- 
nosis made and recorded as hyperplasia, adenoma, or 
carcinoma. 


The pathologist involved in these decisions has a 
principal interest in parathyroid disease and has studied 
all such tissue removed in our institution during the 
past 20 years. He is most apt to make a diagnosis of 
“adenoma” when he sees a single, large, ovoid gland 
with or without an associated rim of normal parathyroid 
tissue separated by a capsule from the “abnormal” mass. 


_ However, on three occasions in this series, he has classi- 
fied as “adenoma” two such glands found in the same 


patient. On two other occasions, an enlarged gland was 
removed and recorded as “adenoma” while a much 
smaller, second parathyroid mass that resembled a nor- 
mal parathyroid gland was removed and designated 
“hyperplasia.” He is most apt to make a diagnosis of 
“hyperplasia” when smaller, multiple glandular enlarge- 
ments exist. The size, shape, and multiplicity of ab- 
normal enlargements are factors entering into these 
diagnoses. 

This philosophy of how many glands to remove and 
how to classify them is in contrast to those of the authors 
of the two recent reports that detail higher recurrence 
rates in surgically-treated hyperparathyroidism.* These 
authors, for slightly different reasons, recommend re- 
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TABLE 3. Relative Frequency of Parathyroid Adenoma, Primary 
Hyperplasia and Parathyroid Carcinoma in Reported Series* 


No. of V/A % 1? 07 
Authors Patients Adenoma Hvceruladia Carcinoma 

Blalock! 79 100 0 
Goldman et al.4 300 96 3 1 
Nicholson? 62 96 4 
Krementz et al.? 100 96 3 1 
Goldsmith et al." 44 93 5 2 
Peetet 72 93 6 
Mannixt 142 92 7 «1 
Cady? 85 15 
Coffeyt 100+ | 80 — 85 15 
NCBH (1943- 

1973) 185 82 11 1 
Crilef 100 -+ 66 33 
Haff and Ballinger® 74 50 50 
Haff, Black 

and Ballinger? 47 40 491 


* Based (when indicated) on positive explorations 

t In discussion of papers by Haff and Ballinger* and Krementz 
et al.8, Ann. Surg., 173:872—-891, 1971. 

Í Plus 11% undetermined 


moval of 3.5 glands in virtually all cases of primary 
hyperparathyroid disease. 

Ackerman and Ballinger, discussing an increasing in- 
cidence of hyperplasia at a symposium on parathyroid 
function,!* suggested the presence of an unknown stimu- 
lus which mav produce hyperplasia in one or all | para- 
thyroid g elands and which, if one gland is removed, will 
act again on the remaining glands, often in an unequal 
manner. Straus and Paloyan?? postulated that hyperpara- 
thyroidism is a spectrum of change in response to some 
stimulus in which four categories—primary and second- 
ary hyperplasia, adenoma, and carcinoma—are conve- 
nient diagnostic resting places along this sequence and 
that all three types of cells—water clear, oxyphile, and 
chief cells—may undergo transition from one to the 
other with equal functional capacity. 

There is little support for these concepts in the data 
in Table 3 which indicate a great preponderance of 


adenoma over hyperplasia. In the NCBH series, the. 


incidence of hyperplasia continues to be low and is 
actually decreasing in recent years (Table 4). 

If one or both of these concepts is correct, the recur- 
rence rate in our series should be high since we remove 
tissue selectively. Examination of Table 1 indicates that 
the majority of patients with primary hyperplasia had 
less than three glands removed, and examination of 
Table 5 indicates that, with few exceptions, only one 
gland was removed in the adenomatous group. Despite 


TABLE 4. Relative Frequency of Pathological Diagnosis of Tissue Removed During Positive Explorations (NCBH Series) 


% 

Date No. of Patients Adenoma 
1943-1973 185 82 
1943-Oct. "66 68 82 
Nov. '66-Aug. '73 117 82 





o o % 

1° Hyperplasia 2° Hyperplasia Carcinoma 
1t 6 1 
13 3 1 


9 8 i 
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TABLE 5. Number of Glands Removed in Patients with Parathyroid 


Adenoma 


Glands Removed No. of Patients 


One 48 
One + one "normal" 13 
One + two “normal” 5 
One + hyperplastic gland 2 
Two adenomata 1 
Two adenomata -+ one "normal" 2 


'Total 71 


this conservative and selective approach, there was no 
clinical recurrence of hyperparathyroidism in the 82 pa- 
tients so managed and only one incidence of minimally 
elevated calcium, the latter occurring in a patient in 
whom only two glancs were found, both of which were 
removed and found to be hyperplastic. Although the 
patient has had no renal calculi since his operation 2.5 
years ago, he may indeed have persistent hyperplasia in 
the remaining two parathyroid glands. 
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and a large adenoma was discovered in the right paraesophageal 
region in the third. 

In our series of approximately 200 cases, a careful followup is 
routine. Recurrence of the hyperparathyroidism is extremely rare 
after removal of an adenoma when the uninvolved glands are 
grossly normal. 

We are in total agreement with Dr. Myers’ views on the 
surgical T to be employed in these cases, and with the attitudes 
of the pathologist in his institution. Our experiences have par- 
alleled his in all but a few particulars. In approximately 5% of 
our cases the adenoma had been found within the capsule of the 
thyroid or indistinguishably fused with the thyroid. 

I think it significant that we have in recent years carried out 
fewer negative explorations of the parathvroids, reflecting improved 
diagnostic methods. In fact, when we find four normal para- 
thyroid glands in a case labeled “primary hyperparathyroidism” 
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by our endocrinologists we no longer conclude that the diagnosis 
is in error but rather we assume that there is a hidden adenoma, 
either within the thyroid gland or in the mediastinum, and so 
pursue our surgical efforts. 


Dn. Appison G. Brenizer, Jr. (Charlotte): It’s been my 
experience that most cases of hyperparathyroidism are cured 
completely and forever by removal of their one or two adenomas. 
I think one should be highly suspicious of the individual who is 
reported by the pathologist to have two adenomas, unless you 
have biopsied everything in sight that you think is a parathyroid, 
normal or otherwise. 

Parenthetically, a cute way to biopsy a parathyroid, which is 
hard to hold in the hand, is to place a dural clip or a vascular 
clip across the tip. It gives you something to shave it off against, 
and the remnant doesn’t bleed. It leaves a marker which you can 
see again in an x-ray if you have to go back again, unfortunately. 

(Slide) This is a compilation of a personal series of 68 cases, 
very modest compared to my professional friends, but I think 
you will see that the percentages bear out what they have already 
told you. We have tried to keep a little pride about the so-called 
failures or errors in diagnosis, but with a small series it's very 
easy to get your batting average rooked in the early years of 
your experience. We have had no failures in the last 25 or 30 cases. 

I would like to bring to your attention what I think is the 
best way to expose parathyroid glands. Several years ago, in 
exposing a pharyngoesophageal diverticulum through the usual 
incision anterior to the sternomastoid muscle, I was impressed, 
or reimpressed, with the rapidity and the facility with which one 
comes down on all the structures that you want to see in doing 
a parathyroid exploration; and accordingly, I have stopped cutting 
the strap muscles, or incising them in the midline. One can 
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reach the deep compartment through an incision anterior to the 
sternomastoid muscle and posterior to the strap muscles, either 
dividing or retracting the omohyoid. This is the photograph, 
which is never very good, of what you come down on very rapidly. 

(Slide) I call your attention to the upper left corner of the 
slide where we make the usual thyroid skin incision, but then 
the paramuscular incisions to reach the deep compartment. The 
advantages of this approach I have listed in the right top—direct, 
rapid, atraumatic, avascular and effective. It really is a very easy 
way to get there. And, of course, it’s nothing new, because most 
of you have undoubtedly used this approach to reoperate on the 
scarred-down thyroid that might require a reoperation. But if you 
have not used this approach, I can commend it to you without 
reservation. 


Dn. SAMUEL A. Wkrrs (Durham): One of our pathologists at 
Duke, Dr. B. F. Fetter, who has had a similar experience in years 
to the one at North Carolina Baptist, feels exactly the same way 
as far as being able to differentiate adenomatous disease from 
hyperplasia. As a matter of fact, he says that if given a parathyroid 
neoplasm he can only tell whether it is parathyroid tissue and 
many times cannot differentiate hyperplastic from adenomatous 
disease, We make the diagnosis of hyperplasia if more than one 
parathyroid gland is involved regardless of what a single gland 
looks like histologically. 

I would like to know from Dr. Myers: Does he biopsy all glands 
in the course of a neck exploration to be certain of the identity? 
Secondly, how does he manage parathyroid hyperplasia? Are you 
doing now a 34 gland resection? 

Lastly, I would like to say that we have recently had experience 
with a technique of localizing parathyroid neoplasms preopera- 
tively. It employes selective superior and inferior thyroid arteri- 
ography followed by selective thyroid venous sampling for para- 
thyroid hormone determination: This has been a very effective 
procedure and I think it has a place mainly in patients who have 
persistent hyperparathyroidism following an unsuccessful neck 
exploration. 


Dr. J. KENNETH Jacoss (Nashville): At Vanderbilt University 
Hospital we too have had difficulty distinguishing small parathyroid 
adenomata from hyperplastic parathyroid glands. Recently one 
patient operated on there was found to have three normal ap- 
pearing parathyroid glands and one enlarged gland. 

(Slide) This is a photomicrograph of the enlarged gland that 
was removed. It weighed 1 gm. We can see in one area what was 
Kv by the pathologist to be a parathyroid adenoma of the 
chief cell variety; here the eosinophilic staining material which 
he interpreted as being capsule of the adenoma, and normal ap- 
pearing parathyroid gland on the other side of the capsule. 

Our pathologists have used this characteristic microscopic ap- 
pearance with success to differentiate a hyperplastic gland from 
an adenoma. As has been our custom, we also biopsied a normal 
appearing parathyroid gland in the neck of this patient. This was 
interpreted as showing normal parathyroid tissue. 

Unfortunately, in the postoperative period the patient's calcium 
remained above normal. Re-exploration of the neck was carried 
our four months later. 

Two other parathyroid glands, previously identified but not re- 
moved, were removed at this time. These parathyroid glands 
weighed 100 mg and 125 mg each. Microscopically, these showed 
a mixed-cell variety of hyperplasia, and in retrospect, the path- 
ologists thought that all of the parathyroid glands from this patient 
showed hyperplasia. 

Following her second operation, the patient has done extremely 
well and her serum calciums have remained normal. 

Of late, we have taken the attitude that in patients in whom the 
single enlarged parathyroid gland is less than the classical size, 
that is, weighs less than 2 to 3 gm, one should be suspicious that 
he is dealing with a hyperplasia in which not more than one 
parathyroid gland at that time is enlarged. We feel that a more 
aggressive attitude should be taken in these patients and that 
definitely more than one parathyroid gland should be removed. 
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In the past 18 months at Vanderbilt University Hospital we 
have operated on seven patients with parathyroid adenomas who 
have also been found at operation to have a previously unsuspected 
papillary carcinoma of the thyroid, This has been previously re- 
ported in 1962 from a group at the San Francisco Presbyterian 
Hospital. They operated on 93 patients with parathyroid adenoma 
and found an incidence of carcinoma of the thyroid of 8%. I 
want to ask Dr. Myers if he has encountered thyroid carcinoma in 
any of his patients with parathyroid adenoma. 


Dr. Marion S, DEWEESE (Columbia): We have had a modest 
experience with the double-antibody radioimmunoassay technique, 
to which Dr. Wells alluded, over the past three years. Pertinent 
to Dr. Myers’ very nice presentation, we feel that it may be of 
potential help in the future in distinguishing primary parathyroid 
adenomas from hyperplasia preoperatively. Clinicians as well as 
pathologists have difficulty in making this differentiation. 

As the autoanalyzer has helped us identify an increasing number 
of patients with a serum calcium levels but no clinical stigmata 
of hyperparathyroidism, it has become important to develop a more 
specific and reliable laboratory test to help us avoid inappro- 
priate parathyroid explorations in some patients. 

(Slide) This is a preliminary view of data that we have col- 
lected over the past three years with the double-antibody radio- 
immune assay technique. In a small group of 15 patients, all of 
whom were subsequently proved to have primary hyperparathy- 
roidism, we found that all had compatible elevations in both 
serum calcium and parathormone levels. Conversely, in the group 
of normal control patients, both the calcium and the parathormone 
levels were within the normal ranges. The highest parathormone 
levels in this series were found in a patient with parathyroid 
carcinoma. 

By selectively catheterizing the major veins in the neck and 
withdrawing blood samples for parathormone assay, we have 
achieved a 50% success rate in lateralizing parathyroid adenomas 
preoperatively. Of six patients studied, accurate anatomical laterali- 
zation of an adenoma was made in three. Elevated parathormone 
levels were found in multiple and bilateral samples in one patient. 
This patient was subsequently found to have parathyroid hyper- 
plasia. 

Our own technique is not good enough as yet to selectively” 
catheterize the smaller neck veins, but Powell has reported nearly 
100% accuracy in doing this and in collecting blood samples from 
the thyroid veins. Pertinent to this discussion, this offers hope for 
the future that we may be able to differentiate between patients 
with adenomas and hyperplasia preoperatively by utilizing these 
techniques, 


Dr. Ricuarp T. Myers (Closing discussion): I would certainly 
agree with Dr. DeWeese, and we have seen some of his data 
previously. Anything we can use to help make the differentiation 
between an adenoma and hyperplasia would be very helpful. 

As far as Dr. Jacobs’ discussion is concerned, the average sized 
gland that we remove, if an adenoma, is 1.2 gm; therefore, most 
of our adenomata are much smaller, apparently, than they are in 
Nashville, if they average 3 or 4 gm in that area. 

I would point out also that the recurrent hyperparathyroidism 
that he reported—although I’m no pathologist—looked as if it 
were a water clear cell hyperplasia. In our experience, such hyper- 
plasia is diffuse throughout all glands. 

Dr. Wells, I think we both agree that our pathologists are 
honest and are only able to tell whether or not cytologically they 
are seeing pd tissue, and that's about it. I have had no 
experience with electron microscopy. Our pathologists do not think 
that they can detect secretory activity in what otherwise appears 
to be a normal cytologic gland. The determination of whether a 
gland is hyperplastic is based entirely upon the weight of the 
gland. Any -gland that exceeds a weight of 60 mg should be 
biopsied or removed, to determine whether it is adenomatous. 

I would commend Dr. Brenizer on his clever approach, and I 
certainly thank Dr. Coffey for his very kind remarks. 
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Eighty-three patients with carcinoma of the thyroid seen 
at the University of Virginia Medical Center from 1952- 
1962 are reviewed with a 10—20 year followup. This group 
included 44 patients with papillary,. 30 with follicular, 
eight with anaplastic and one with medullary carcinoma. The 
overall mortality rate was 3596, ranging from 1696 for 
papillary to 100% for anaplastic carcinoma. The results 
were analyzed for survival greater or less than five years with 
respect to the age of the patient, presence of metastases to 
regional lymph nodes and modalities of treatment. Recom- 
mendations for therapy are presented. 


HIS REPORT CONCERNS 83 PATIENTS with carcinoma of 

the thyroid who were seen at the University of Vir- 
ginia Medical Center between 1952 and 1962. We were 
‘able to follow all patients at least ten years, or until 
their death. In each case, the histologic diagnosis was 
confirmed by microscopic review of tissue slides. We 
compared these patients on the basis of their pathologic 
classification, and noted differences between those sur- 
viving longer than five years and those surviving less. 
Age, presence of regional node metastases and types of 
therapy were also analyzed. 


Results 


The pathologic classification of carcinoma of the thy- 
roid was subdivided according to Woolner.** Table 1 
summarizes the distribution of patients and mortality in 
each group. The majority of our patients (892) had 
either papillary (532) or follicular (362) adenocarcino- 
mas, with only 10$ diagnosed as anaplastic carcinoma, 
and a single case (1%) of medullary carcinoma. Twenty- 
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six patients (35%) died on their disease. The mortality 
directly attributed to the carcinoma was 16% for papillary, 
41% for follicular and 100% for anaplastic. A single pa- 
tient with medullary carcinoma has survived longer than 
11 years without evidence of disease. 

Table 2 shows that, of the 44 patients with papillary 
adenocarcinoma, 40 patients survived longer than five 
years. Their ages ranged from 15 to 70 years; average 
age was 43 years. This group included 13 males and 27 
females; five of the 40 patients were black. Among the 
four patients who survived less than five years, the age 
range was from 70 to 82 years, with an average age of 


75 years. The group contained three males and one , 


female; one of the four was black. Only age provided 
a statistically significant (p = 0.001) index as to prog- 
nosis. In that group of patients who died of their disease 
after five years, the average age at the time of initial 
diagnosis was 60 years. Only one patient who was under 
40 at the time of diagnosis died of papillary adeno- 
carcinoma of the thyroid; she was 38 at the time of 
diagnosis, and died at the age of 43. 

Involvement of the regional nodes with metastases 
from papillary adenocarcinoma was found in 16 patients 
who survived longer than five years, and in two who 
survived less than five years. These were all confirmed 
by microscopic study; there was no statistical difference 
between the two groups. These nodes were obtained 
by removal of regional and paratracheal nodes, usually 
with an accompanying standard radical neck dissection 
performed at the time of initial surgical therapy. Cervical 
nodes judged clinically to be involved with metastases 
were confirmed on microscopic examination in 73% of 
patients, and those assessed to be uninvolved on clinical 
exam were free of disease on histologic examination in 
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TABLE 1. Carcinoma o] Thyroid TABLE 3. Therapy for Papillary Adenocarcinoma 
Patients Mortality Treatment Survival Totals 

Papillary 44 (53%) 6/37 (16%) 5 yrs. <5 yrs. 
Follicular 30 (36%) 12/29 (41%) Lobectomy 27/40 (68%) 4/4 (100%) 31/44 (70%) 
Anaplastic 8 (10%) 8/8 (100%) Total thyroidectomy 13/40 (32%) 0/4 (0%) 13/44 (30%) 
Medullary 1 (1%) 0/1 (0%) Radical neck dissection 21/40 (53%) 1/4 (25%) 22/44 (50%) 
— — Hormonal 27/40 (68%) 2/4 (50%) 29/44 (66%) 
Total 83 (100%) 26/75 (35%) Radiotherapy 9/40 (23%) 2/4(50%) 11/44 (25%) 


70%. The two survival groups exhibited no differences in 
signs and symptoms of goiter, mass, hoarseness, dys- 
phagia or thyroid dysfunction. Wheezing or hoarseness 
occurred in three of six patients who died of their dis- 
ease, but also appeared in two patients who were alive 
and well with no evidence of disease for longer than 
ten years. Duration of signs and symptoms was approxi- 
mately the same for each group: 18 months average for 
survival greater than five years, and 16 months for 
survival less than five years. 

Table 3 summarizes the various modalities used in 
treating these patients. Radical neck dissection involved 
removal of the sternocleidomastoid muscle and the in- 
ternal jugular vein, usually with sacrifice of the spinal 
accessory nerve, and extirpation of all of the lymph 
nodes down to the deep cervical fascia, with particular 
attention given to the paratracheal nodes. Hormonal 
therapy refers to TSH (thyroid stimulating hormone) 
suppression with exogenous thyroid, usually dessicated 
thyroid three to four grains or 75 micrograms of triiodo- 
thyronine. Radiotherapy refers to both external beam 
radiation and radioactive I. Six patients received 
radioactive 151 in a therapeutic dose, seven received 
radiation therapy, and two received both. Variables were 
so great as to preclude statistical analysis. 

Thirty-one patients survived ten years or longer, an 
average of 151 months. Six patients died as the result 
of their papillary adenocarcinoma of the thyroid, all 
apparently from widespread metastatic disease. Four 
patients died within five years of their initial treatment, 
three of these from carcinoma and one from cerebro- 
vascular disease. This latter patient did have locally re- 
current disease at the time of his death, but it was under 
control. Unfortunately, none of these four patients had 
an autopsy. 

Nine patients died after five years. Three of these 
deaths resulted directly from papillary adenocarcinoma; 
of these, two were confirmed by autopsy, and the third 
patient had well-documented locally recurrent and dis- 


TABLE 2. Papillary Adenocarcinoma 
Survival Patients Age Node Metastases 
»5 yrs. 40 (91%) 15-70 (43 Av.) 16 (40%) 
<5 yrs. 4 (9%) 70-82 (75 Av.) 2 (S0%) 


tant metastatic disease. These three patients had an 
average survival of 86 months. Six deaths occurring an 
average of 109 months after the initial treatment resulted 
from other causes. This was confirmed on post-mortem 
examination on only two patients, both of whom had 
earlier evidence of locally recurrent disease. The. other 
four patients had no evidence of recurrent or metastatic 
disease within one year prior to death from cardiovascu- 
lar disease. It should be emphasized that as many pa- 
tients died of papillary adenocarcinoma of the thyroid 
in the second five-year interval as in the first five-year 
interval. 

Table 4 shows the results in a group of 30 patients with 
follicular adenocarcinoma of the thyroid. Twenty-one of 
these patients survived longer than five years; this group 
included 16 females and five males, 18 whites and three 
blacks. Their ages ranged from 16 to 75 years, with an 
average age of 41 years. The nine patients who survived 
less than five years were considerably older, ranging 
from 49 to 82 years with an average age of 63 years. 
This group contained three females and six males, eight 
whites and one black. Again, age was statistically signi- ^ 
ficant (p « 0.005), favoring the younger age group. No 
patient who was less than 40 years of age at the time of 
initial diagnosis died of his disease. 

In the group of 21 patients surviving longer than five 
years, 12 had regional node metastases; seven of the nine 
who survived less than five years had node metastases. 
Clinical evaluation of regional lymph node metastases 
was 83% correct when thought to be involved, and 67% 
correct when judged to be uninvolved. 

Signs and symptoms had been present an average of 
13 months in those patients surviving less than five years, 
and 2] months in those surviving longer. The only symp- 
tom of statistical significance was hoarseness, which was 
present in 562 of those who died of the disease within 
five years as compared to only 5% of those surviving 
longer than five years (p — 0.005). 

Table 5 outlines the tvpes of treatment that were used. 


TABLE 4. Follicular Adenocarcinoma 
Survival Patients Age Node Metastases 
5 yrs. 21 (70%) 16—75 (41 Av.) 12 (57%) 
<5 yrs. 9 (30%) 49-82 (63 Av.) 7 (78%) 
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Three patients who survived less than five years received 
essentially no therapy, and died shortly after admission. 
One of these patients had a biopsy only, and the other 
two had the diagnosis confirmed at autopsy. As with 
papillary adenocarcinoma, the variability of treatment 
defied statistical analysis. 

. Seventeen patients with follicular adenocarcinoma of 
the thyroid survived an average of 146 months. Within 
five years, eight died of their disease, with an average 
survival of 21 months, and one patient died of cancer 
of the prostate. Only two of the eight patients who died 
had autopsies; all, however, had extensive disease. Seven 
had capsular and/or blood vessel invasion at the time 
of original surgery. 

Four patients succumbed of their disease after five 
years, with an average survival of 121 months; two of 
these were confirmed by autopsy. Three had invasive 
disease and/or regional node metastases at the time of 
initial surgical therapy. 

Of the 17 surviving patients, three had invasive disease 
and five had metastases to regional lymph nodes. In this 
group of eight patients with advanced disease at the 
time of initial therapy, six had total thyroidectomies, with 
three having ipsilateral and one bilateral radical neck 
dissections. Two had lobectomies with radical neck dis- 
sections, and five had TSH suppression with thyroid 
medication. 

Only a few radical neck dissections were performed 
as secondary procedures following initial thyroid surgery, 
and onlv one bilateral neck dissection was done. The 
‘majority of these were performed as part of the initial 
operative procedure, regardless of whether it was a lobec- 
tomy or total thyroidectomy. Seven patients were also 
treated with radioactive!?!T, six received radiation ther- 
apy, and two received both modalities. 

There were no operative deaths. We did have one 
patient with permanent hypoparathyroidism which oc- 
curred following total thyroidectomy. This is a complica- 
tion rate of 4%. We also had a single case of permanent 
recurrent laryngeal nerve injury which occurred during a 
lobectomy for follicular adenocarcinoma, a complication 
rate of 15. 

Table 6 presents the overall ten-year survival rates. 
For papillary adenocarcinoma, the determinate value 


TABLE 5. Therapy for Follicular Adenocarcinoma 
Treatment Survival Totals 
>S yrs. <5 yrs. 
Lobectomy 10/21 (48%) 4/9 (44%) 14*/30 (47%) 
Total thyroidectomy 11/21 (52%) 2/9 (22%) 13*/30 (43%) 
Radical neck dissection 8/21 (38%) 0/9 (0%) 8/30 (27%) 
Hormonal 14/21 (67%) 3/9 (33%) 17/30 (57%) 
Radiotherapy 5/21 (24%) 6/9 (67%) 11/30 (37%) 


* 3 patients died without surgical therapy 
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TABLE 6. Adenocarcinoma of Thyroid: Ten-Year Survivals 
Absolute 


31/44 (70%) 
17/30 (57%) 


Determinate 


31/37 (84%) 
17/29 (5995) 


Papillery 
Follicülar 


was 84% and the absolute 70%. Follicular adenocarcinoma 
showed a determinate survival of 59% and an absolute 
ten-year survival of 57%. 

Our series included eight patients with anaplastic 
carcinomas. Three of these had biopsies only, two had 
lobectomies and three had total thyroidectomies, one 
with a radica neck dissection. Five had TSH suppression 
with thyroid medications, two received radioactive ™1] 
and two were given radiation therapy. All eight patients 
were dead in less than five years, with an average sur- 
vival of 10 months. The longest survival, 41 months, 
occurred in a 5atient who had a total thyroidectomy with 
a radical neck dissection and postoperative radioactive 
1317 and radiazion therapy. 

A single patient, 47-year-o ld white female, was seen 
with medullare carcinoma of the thyroid. She was treated 
with a lobectcmy and no other therapy, and continues 
to survive, 135 months later, without evidence of disease. 
It is interesting to note that she had been treated nine 
years previously for carcinoma of the breast. 


Discussion 


The distribu-ion of patients with thyroid carcinoma 
in the four major pathologic classifications is similar to 
that reported im this institution in 1961,? in an analysis 
that covered the period 1938-1958 and included 82 pa- 
tients with a mcrtality rate of 35%. Our results are similar 
to those reported in larger series,?!5 although the mor- 
tality from papillary adenocarcinoma appears a little 
high. We believs this can best be explained by the fact 
that the vast mzjority of our papillary adenocarcinomas 
of the thyroid ccntained some follicular component, and 
only a few patients could be classified as "pure papillary" 
carcinoma. Also, 62% of the patients with this type of 
thyroid carcinoma were more than 40 years old at the 
time of initial diagnosis. This mortality rate does con- 
firm the lethal potential of this disease. The improved 
prognosis in the younger patient (under 40 years of age) 
substantiates the observations of others: 

Our basic approach to therapy was surgical extirpation 
of the entire lobe in which the carcinoma was located, 
a total thyroidectomy, or one of these supplemented by 
a standard radical neck dissection. TSH suppression? 
with exogenous tlryroid feeding was used in the majority 
of patients; some had postoperative radioactive'?!I or ex- 
ternal beam radiation therapy, and a few patients had 
both forms of rad_otherapy. 

The extent of surgical resection necessary to control 
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papillary adenocarcinoma of the thyroid has been de- 
bated over the years. Crile’ has been one of the fore- 
most advocates of conservative surgery and thyroid feed- 
ing. He recommends total removal of the involved lobe, 
along with the isthmus and subtotal removal of the con- 
tralateral Jobe. He also removes involved regional nodes, 
paratracheal and upper superior mediastinal, that can be 
easily removed through the usual thyroidectomy incision. 
All of his patients are placed on TSH suppression by 
thyroid feeding. 

On the other hand, Clark? has shown that the con- 
tralateral lobe may contain microscopic foci of thyroid 
carcinoma in 88% of cases subjected to whole organ study 
at 50 micron intervals. On routine pathologic studies, 
only 30$ showed involvement. He has, therefore, advo- 
cated total thyroidectomy for all carcinomas of the 
thyroid. The clinical recurrence in the remaining lobe 
of those patients with papillary adenocarcinoma treated 
by lobectomy has been reported from 3.7 to 259.12.17.23 

The standard radical neck dissection done prophylac- 
ticly as an adjunct to the primary thyroid surgery has 
also been a point of controversy. Hutter’? has shown 
there is no good evidence to support a radical neck 
dissection for patients with papillary adenocarcinoma of 
the thyroid without clinical evidence of metastases to 
the cervical lymph node. He has pointed out that these 
neck nodes can be effectively treated when they become 
apparent clinically. 

With more extensive surgical procedures, the major 
complications of permanent injury to the recurrent laryn- 
geal nerve and hypoparathyroidism increase.*?* We have 
been most fortunate in having only a single (1% occur- 
rence of the former and one case (4%) of the latter. 

Our approach to the patient with papillary adeno- 
carcinoma of the thyroid is lobectomy with removal of 
the isthmus and contralateral subtotal lobectomy. Total 
thyroidectomy is done only when there is clinical evi- 
dence of bilateral involvement at the time of initial 
surgical exploration. Regional nodes between the ca- 
rotids are removed, with emphasis on the paratracheal 
nodes and those in the upper superior mediastinum that 
can be removed through the usual thyroidectomy inci- 
sion. Only when there is clinical evidence of cervical 
metastases is a neck dissection performed. We have had 
no experience with the modified neck dissection, as 
described by Marchetta,* which preserves the spinal 
accessory nerve, the sternocleidomastoid muscle and the 
internal jugular vein, but this would seem to be adequate 
in some patients with minimal clinical involvement of 
their cervical nodes. Postoperatively, all patients are 
given thyroid in equivalent dose of three to four grains 
of dessicated thyroid for TSH suppression. Radioactive 
181] and radiation therapy are not advocated in the usual 
case. If lobectomy and removal of the isthmus have been 
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done as a total biopsy of a thyroid nodule, and the frozen 
section has been returned as benign only to have per- 
manent pathologic sections later make the diagnosis of 
papillary adenocarcinoma, further surgical intervention 
is not recommended unless there is clinical evidence of 
recurrent disease. Essentially, our approach to this most 
common type of thyroid cancer agrees with others who 
have studied this disease in detail.3:611 

With follicular adenocarcinoma, age was again an im- 
portant factor, as we had no deaths under the age of 40. 
We did have an unusually high incidence of regional 
node involvement for this type of cancer, which more 
typically spreads by way of the venous channels, rather 
than the lymphatic pathways.*4 The poor prognosis as- 
sociated with microscopic evidence of vascular invasion 
was part of our experience. Therapeutic modalities were 
similar to those used for papillary adenocarcinoma, and 
were too variable to be of statistical significance. At 
present, we advocate total thyroidectomy and regional 
node removal without neck dissection, unless there is 
clinical evidence of lymph node metastases. If there is 
some residual carcinoma, it is more likely to take up 
radioactive !*!T if all functioning thyroid tissue has been 
removed. Therefore, we scan these patients postopera- 
tively, and if residual functioning tissue is demonstrated, 
we administer a therapeutic dose of radioactive!?!T, TSH 
suppression is performed by thyroid feeding after scan- 
ning has been completed. 

Although the data on our patients who succumbed to 
their papillary and follicular adenocarcinomas of the 
thyroid are not as complete as we would like because 
of the low autopsy rate (31%), it appeared that the 
majority succumbed to widespread metastases rather than 
local disease. This differs somewhat from the reports of 
other series.1°.?? Nevertheless, it is important to realize 
that these adenocarcinomas of the thyroid are poten- 
tially fatal.1 

Our experience with anaplastic carcinoma of the thy- 
roid confirms its universally poor prognosis. Unfortu- 
nately, our present modes of treatment seem to be totally 
inadequate. Nevertheless, if the tumor is grossly operable 
and can be removed, we would advocate total thyroidec- 
tomy with removal of paratracheal and upper superior 
mediastinal lymph nodes. We would use a neck dis- 
section only when there was clinical evidence of meta- 
static involvement of the cervical nodes. If complete 
excision of the tumor is not possible, we advocate re- 
moval of as much gross neoplasm as is consistent with 
preservation of parathyroid and recurrent laryngeal nerve 
function, and treat the residual cancer with high voltage 
radiation.”° 

Our experience with medullary carcinoma of the thy- 
roid has been confined to a single case, in whom we 
did a lobectomy. Today we would recommend total 
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thyroidectomy because of the high incidence of bilateral 
involvement, approximately 50%,° with dissection of the 
lymph nodes in the paratracheal area. A neck dissection 
is done only in patients with clinically suspicious cervical 
lymph nodes. Each patient should be carefully evaluated 
for pheochromocytoma and parathyroid hyperplasia or 
adenoma, particularly in the familial variety.!$ 

The prognosis of cancer in general depends upon the 
extent of the disease at the time of initial diagnosis and 
treatment. However, in carcinoma of the thyroid, the 
pathologic classification and the age of the patient are 
of primary prognostic importance.! 
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Totzl removal of the differentiated lesion may prevent the fatal 
conplication of spindle or giant cell carcinoma. 


LA. OriveR H. Beauns (Rochester): I enjoyed Dr. Horseley's 
pap-r very much, primarily because he does identify in his classifi- 
cati-n the now four accepted types of cancer of the thyroid gland, 
and discussed them separately. Too often in the past we have 
grocped cancers of the E together and as a result our 
statstical information regarding malignant tumors of the thyroid 
wasof little or no value. 

My second comment is in reference to the papillary cancer of 
the -hyroid gland and the size of the primary lesion. In our experi- 
ence in following papillary lesions for a 40-year period, we have 
fourd that the survival rate is directly related to the size of the 
primary lesion. In 256 cases where the primary lesion was 1% cm 
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or less in diameter, 39% with regional node metastasis, no patient 
during the followup period died of thyroid cancer. When the 
lesion was intrathyroidal, but larger than that, 3% died of thyroid 
cancer. But when the lesion was extrathyroidal over 16% died 
of thyroid cancer. 

In papillary cancer the prognosis then is related to-the extent of 
the primary lesion. 

As far as follicular cancer is concerned, the prognosis, in our 
experience, is related to the presence or absence of blood vessel 
invasion. If there is no Blood. vessel invasion, or if this is slight, 
then only 3% die in the 40-year period, while when blood vessel 
invasion is moderate to great, 50% die of the disease. 

I would like to ask Dr. Horsley if he has looked at his material 
in reference to, first, the extent of the primary lesion, as far as 
papillary cancer is concerned, and the presence or absence of 
blood vessel invasion as far as follicular cancer is concerned. 


Dr. J. SHetron Horsey, III (Closing discussion): I'm sorry 
that Dr. Alrich, who did most of the surgery, and Dr. Geissinger, 
who did most of the work on the paper, are not here to close. 

I appreciate Dr. Shands’ comments. We have not had a patient 
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who has shown a change from either a papillary, follicular or 
medullary carcinoma to a highly anaplastic one, although I am 
aware that this does occur. Dr. Crile makes a very strong point of 
not treating papillary cancer of the thyroid, which has an excellent 
prognosis, with radioactive iodine, because he thinks that this 
may lead to an anaplastic change in the occasional patient. 

I also agree with Dr. Shands that some of the classifications are 
difficult. In none of our papillary cancers, although most of them 
had some follicular components, was there an anaplastic element 
present, 

Dr. Beahrs, of course, has been a leader in this field for a num- 
ber of years. His article in Current Problems of Surgery, December, 
1969, reviewing cancer of the thyroid, is a classic. We followed the 
classification of Woolner at the Mayo Clinic as outlined in that 
publication. 

We have not correlated the size of the primary lesion in papillary 
cancer with the prognosis and the over-all survival, As far as 
follicular cancer of the thyroid is concerned, 90% of those with a 
poor prognosis did show evidence of blood vessel invasion and/or 
regional node metastases. 
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A study of 138 cases of pheochromocytoma encountered at 
the Mayo Clinic in the years 1926 to 1970 is presented. Of 
the 138 patients, 63 were males and 75 were females. Their 
ages ranged from 3 to 78 years with a peak incidence in the 
fifth decade of life. Hypertension was present in 9196 of pa- 
tients. Symptoms and signs were reported but did not cor- 
relate with size, distribution, and location of tumor. The 
incidence of bilaterality was 4.8%, of extra-adrenal tumors 
10%, and of malignancy 13.1%. The diagnostic method used 
was the determination of metanephrine in 24-hour collections 
of urine. Nephrotomography was extremely helpful in diag- 
nosis with an accuracy rate of 67.495 for adrenal tumors. 
The surgical mortality in this series was 2.996 ; the recurrence 


rate after surgical treatment was 9.8% and the 5-year sur- 


vival subsequent to treatment for the benign tumors was 
“06% and for malignant tumors, 44%. The actuarial sur- 
vival curve for patients with benign tumors was similar to 
that of the normal population, while the curve for malignant 
tumors showed a significant decrease in survivalship when 
compared to that of the normal population. 


UR KNOWLEDGE OF PHEOCHROMOCYTOMA has under- 
gone considerable expansion since Dr. Charles 
Mayo performed the first resection of such a tumor in 
1926.4 Today these functional chromaffin-tissue tumors 
are best diagnosed by biochemical methods that quan- 
titate catecholamine production and its degradation 
products such as vanillylmandelic acid (VMA), meta- 
nephrine, and normetanephrine. 

In the present study, further observations were made 
on the accuracy of various diagnostic methods 1.2.6-9.20,24.25 
in current use, the pathologic behavior of these tumors, 
and the long-term survival of patients after treatment for 
localized or benign and metastatic or malignant pheo- 
chromocytomas. 


Presented at the Annual Meeting of The Southern Surgical Asso- 
ciation, December 3-5, 1973, Hot Springs, Virginia| 
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. Method 


All cases of patients with pheochromocytoma diag- 
nosed and treated at the Mayo Clinic during the years 
1926 through 1970 were reviewed. Only those cases in 
which patients had undergone operation were included. 
A detailed analysis was made of each patient’s age, sex, 
family history, and presenting symptoms. Results of 
biochemical tests (24-hour urinary vanillylmandelic acid, 
metanephrine, normetanephrine, and catecholamines) 
were tabulated both before and after operation. Followup 
was on an annual basis. Patients who were operated on 
more than 3 years prior to the study, who were asympto- 
matic and doing well, and who were unable to return 
for followup examination were requested to mail a 
24-hour specimen of urine for biochemical analyses. 

The pathologic sections were reviewed by one of 


us (E.G.H.), and criteria used to separate malignant 


from benign tumors were based on proved metastasis to 
nonchromaffin tissues since cytologic features could not 
separate those neoplasms that were more aggressive. 
Data from the entire group of 138 patients, 18 of whom 
had malignant disease, form the basis of this report. 

Patients were traced by interviews or by letters. Six 
patients were lost to followup 1, 1, 1, 4, 6, and 10 years 
after treatment. The shortest followup was 1 year and the 
longest was 24 years. 


Age and Sex 


Over the 44-year period, 138 patients with pheochro- 
mocytoma were operated upon at this clinic, 63 (45.6%) 
of whom were male and 75 (54.4%) female. They ranged 
in age from 3 to 78 years with a median distribution of 
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46.5 years. About three-fourths of the 138 patients were ace iN 1926 -1970 
between 30 and 60 years of age. The peak incidence was — "^75 | | | | | ! ! | i | | 
in the fifth decade of life (Fig. 1). Y 
There were 18 patients with malignant pheochromo- 10-19 
cytomas, giving an incidence of malignancy of 13.1%. 20-29 
The sex distribution of this group of patients showed — so - 39 
an even higher female preponderance than the total 40 - 49 
group (72.3% females: 27.7% males). The ages of those 5. 55 
patients with malignant disease ranged from 16 to 67  ,, ,, 
years with a median age of 44 years. ayer 


Clinical Presentation 


Clinical findings for these patients with pheochromo- 
cytoma were similar to those documented in previous 
publications from this institution.*:1!.!7.19:?^ The symptoms 
and signs did not correlate with the size, distribution, 
location, or histopathologic nature of the tumors. 

Hypertension was present in 91% of patients in the 
series. Although paroxysmal hypertension, with sudden 
rise of both systolic and diastolic blood pressure, asso- 
ciated with attacks was more dramatic than sustained 
hypertension for the patient and his physician, it only 
occurred in 42% of the 138 patients. Sustained hyper- 
tension" was slightly more common, being present 
in 49%. 

Patients with malignant pheochromocytoma had signs 
and symptoms similar to those of the group as a whole. 
Twelve of the 18 patients with malignant tumors pre- 
sented with hypertension, 2 with definite increase in per- 
spiration, and 4 with abdominal pain due to large, easily 
palpable abdominal masses. 


Associated Diseases 


Thirty-two (23.2%) of the patients had cholelithiasis 
proved radiologically or at operation. Four patients had 
the Sipple syndrome ( positive family history, hyperpara- 
thyroidism, medullary carcinoma of the thyroid gland, 
and bilateral pheochromocytoma). Three of these 4 pa- 
tients were from one family; the other patient had sib- 
lings treated elsewhere. Of 138 patients, only 3 exhibited 
neurofibromatosis (von Recklinghausen’s disease). 


Pathologic Aspects 
Site 


Ninety per cent of the tumors were situated in the 
adrenal gland and 10% in an extra-adrenal location within 
the abdomen. No primary tumor was found in the thorax 
and none in this series involved the urinary bladder wall. 
Since 1970, two patients with primary functioning para- 
ganglioma in the mediastinum and one with primary 
pheochromocytoma of the bladder have been seen. 

Of 124 intra-adrenal tumors, 70 (56.5%) were in the 
right gland and 48 (38.7%) in the left. In six patients, 
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Fic. 1. Pheochromocytoma. Age distribution of 138 patients ( 1926- 
1970). 


tumors were present in both adrenal glands, giving an 
incidence of bilaterality of 4.87. Three of the 6 patients 
with bilateral tumors had a positive family history for 
pheochromocytoma. 

Ninety-three per cent of these tumors were single 
and 7% were multiple. The distribution of extra-adrenal 
tumors is shown in Fig. 2. The commonest extra-adrenal* 
tumors were those involving the organs of Zuckerkand]" 
followed bv those situated in para-aortic locations. 

In the group of patients with malignant tumors, 6 
tumors were extra-adrenal and three were bilatgral. 


Gross Features 


The tumors varied considerably in size, measuring 1-16 
cm in diameter. The larger growths tended to be asso- 
ciated with cvstic necrosis and hemorrhage into the cen- 
tral portion of the tumor. Malignant tumors were among 
the largest tumors in this series. The average weight of 
the benign tumors in 88 patients was about 113 gm and 
of the malignant tumors in 10 patients was 176 gm. 

The tumors generally were rounded and encapsulated 
by a compressed rim of cortical tissue and a thin layer 
of vascularized fibrous tissue. On the cut surface, they 
varied from gray to dusky red, and after formalin fixa- 
tion thev appeared vellowish to brown, some showing 
cystic changes, hemorrhage, and necrosis, which at times 
had almost destroved the neoplasm. The formalin solu- 
tion in which tumor tissue had been stored usually was 
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a light brown, ciderlike color that became light green 
under fluorescent light due to solubilized catecholamine 
compounds. 


Histopathologic Findings 


Microscopically, three patterns were seen:!2:15.26 epi- 
thelial in 55%. pleomorphic in 43%, and spindel cell in 
25 (Fig. 3). In the more common epithelial variety, 
clusters and cords of cells with abundant granular 
eosinophilic cytoplasm were scattered uniformly through- 
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3d. 
Fics. 3a-d. Pathologic variations of 138 tumors. 3a. Distribution 


of tvpes. 3b. Epithelial. 3c. Pleomorphic. 3d. Spindle cell. ( Hema- 
toxvlin and eosin stain; x 300.) 


out the tumor. These were separated bv thin bands of 
connective tissue with plentiful thin-walled blood vessels 
in close proximity to tumor cells. Their nuclei were ovoid 
with moderate-sized nucleoli and occasional hvperchro- 
matic, degenerating forms. In the pleomorphic variety, 
cells were somewhat similar to the epithelial tvpe but 
were more varied in shape and size and had more irregu- 
lar and hvperchromatic nuclei; giant cells were frequent. 
Irregular hvperchromatic, degenerating nuclei were so 
common that on first observation a poorlv differentiated 
neoplasm was suggested. The spindle cell variety was 
uncommon and comprised zones of plump spindle cell 
forms that often blended into zones similar to the epithe- 
lial tvpe. Mitotic figures rarelv were identified, and in- 
vasion of the adrenal veins was uncommon. No correla- 
tion was seen between the histopathologic categorv of 
the growth and its behavior in regard to malignancy. 

Metastasis of tumor to bone occurred in 10 patients, 
to regional lymph nodes in 9, to the liver in 8, the lungs 
in 5, the brain and spinal cord in 3, and the pancreas in 1. 
Several tumors were multiple. Fresh tumor tissues fixed 
in dichromate solution had a characteristic appearance 
in that tumor blocks became dark brown due to fine 
intracvtoplasmic granules resulting from the polvmeri- 
zation of catecholamines into colored compounds. A 
positive chromaffin reaction could not be developed if 
tissues were previously fixed in formalin, apparently 
due to previous loss of catecholamine in the formalin 
solution. 


Biochemical Evaluations 


Vanillylmandelic Acid Versus Urinary Catecholamines 


The 24-hour urinary excretion of catecholamines 
(UCA) amd vanillylmandelic acid (VMA) in 51 pa- 
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tients with pheochromocytoma is shown in Fig. 4A. In 
10 patients (202), both VMA and UCA were normal; in 
4 patients (8%), the VMA levels were elevated while 
the UCA levels were normal. In six patients (12%), the 
VMA levels were normal while those for UCA were 
elevated. Only 31 of 51 patients (60%) had both VMA 
and UCA levels elevated in the 24-hour specimens of 
urine. 


Metanephrine Versus Vanillylmandelic Acid 


The relationship of metanephrine and VMA in the 
24-hour output of urine is shown in Fig. 4B. Of 47 pa- 
tients tested, 2 had normal levels of both metanephrine 
and VMA; in 12, metanephrine was elevated while VMA 
was normal. In 33 patients (70%), both metanephrine 
and VMA were elevated. 


Metanephrine Versus Urinary Catecholamines 


The relationship between metanephrine and UCA is 
shown in Fig. 5. Forty-seven patients were examined. 
Both metanephrine and UCA levels were normal in 2 
patients, while metanephrine levels were elevated with 
normal UCA in 11 patients. In 34 patients (752), both 
metanephrine and urinary catecholamine levels were in- 
creased in the 24-hour specimens of urine. 

Our results showed that the most accurate biochemi- 
cal test, that is, the one with the least false-negative find- 
ings (Fig. 6), was the measurement of the 24-hour uri- 
nary excretion of metanephrine. Both UCA and VMA 
levels gave a rather high percentage of false-negative re- 
sults (21% and 29%, respectively), while false-negative re- 
sults were obtained in only 4% with metanephrine. Fur- 
thermore, in these patients the increase above normal 
in excretion of metanephrine was far greater than that 
for either VMA or UCA. 


Radiologic Tests 


Radiologic tests included roentgenograms of the chest 
and abdomen, intravenous pyelography, nephrotomogra- 
phy, and arteriography. When metastatic tumors were 
suspected, skeletal roentgenograms were helpful. Met- 
astatic bony lesions were observed in the pelvis, verte- 
bral column, femur, ribs, skull, and sternum. These bony 
lesions were either solitary or multiple, oval or circular, 

variable in size but averaging about 3.3 cm, and pre- 
dominantly osteolytic in type.’ In five patients roentgeno- 
grams of the chest revealed multiple small nodular met- 
astatic lesions situated in the peripheral lung fields. 

Nephrotomography,* used in localization of pheochro- 
mocytoma, is most helpful. In the first 5-vear period of 
our study (1961 through 1965) of 27 patients with pheo- 
chromocytoma, 12 (44.5%) had nephrotomograms, 6, or 
50%, of which were reported to be positive for tumors. 
In the latter 5-year period (1966 through 1970), 34 of 37 
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patients with pheochromocytoma had nephrotomograms 
(92%) and 25 of the 34 were positive for tumors, giving a 
percentage of 73.5. In the 10-year period, 31 of 46 ne- 
phrotomograms were positive, giving diagnostic accuracy 
of 67.4%. 

The size of the tumors was an important factor that 
determined whether the nephrotomogram was positive or 
negative, as no tumor smaller than 2.5 cm in diameter 

was demonstrated in this series. The nephrotomogram 
confirmed the presence of the tumors and further lateral- 
ized their position. 

Selective arteriography and venography were of great 
assistance in localizing extra-adrenal tumors in a few 
cases, particularly when venography was combined with 
plasma catecholamine assays as in the “inferior vena 
cava search.” 


Diagnosis 


In our earlier series, pheochromocytoma was not di- 
agnosed before operation in 10 patients. With the in- 
creased awareness of this disease and with improved bio- 
chemical methods of measuring metanephrine, VMA, and 
catecholamines, the condition has been correctly diag- 
nosed before operation in almost all patients seen since 
1960. 

Determination of metanephrine is the most accurate 
method available and it is thus ideally suited for screen- 
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Fic. 6. Comparison of false-negative biochemical studies for MN, 
VMA, UCA, and basal plasma catecholamines. 


ing patients for pheochromocytoma. False-negative re- 
sults occurred in only 4% of cases in this series. When 
pheochromocytoma is suspected because of elevated 
metanephrine and the diagnosis is confirmed by elevated 
UCA, VMA, plasma Sterchele: and repeat collec- 
tions, then simple roentgenograms of the chest and ab- 
domen as well as nephrotomograms should be obtained. 
Nephrotomography is an excellent, noninvasive radio- 
logic tool for diagnosing adrenal tumors greater than 2.5 
cm in diameter. We have come to rely more and more on 
nephrotomography (92% performed in the latter 5 years 
compared to 44.5% in the earlier 5 years) to localize 
adrenal tumors before operation. The rate of accuracy 
of 73.5% in the last 34 nephrotomograms performed in 
1965 through 1970 is high enough to justify using this 
test in all patients suspected to have pheochromocytoma. 
It carries no mortality and its morbidity is extremely 
low when compared to arteriography, the use of which 
had been associated with sudden death!5 and hyperten- 
sive crises! due to tumor infarction and release of catech- 
olamines. Retrograde venography, when combined with 
plasma catecholamine assays, is an appealing approach 
in the localization of extra-adrenal tumors. It was used 
successfully in only one case in this series. 

Since our biochemical methods provide safe, reliable, 
and accurate means of making a diagnosis, the need 
for provocative pharmacologic testing with histamine, 
phentolamine, tyramine, or glucagon has been greatly 
reduced. Apart from its relative nonspecificity, pharma- 
cologic testing also carries some definite risks of hyper- 


AND OTHERS Ann. 


CATECHOLAMINES 


Surg. * May 1974 


tensive crises, cardiac arrhythmias, and sudden death. For 
those reasons, pharmacologic testing should be reserved 
for the uncommon selected cases in which biochemical 
results are equivocal. In these situations, urine and blood 
should be collected for catecholamines, and urine for 
VMA and metanephrine estimations; in addition, changes 
in blood pressure should be observed when histamine is 
used to stress the tumor. 


Preoperative and Anesthetic Management 


Prior to 1965, preoperative management of patients 
with pheochromocytoma consisted of correcting preex- 
isting hypovolemia as well as pulmonary and cardiac risk 
factors. From 1965 to 1969, a phenoxybenzamine regi- 
men was used in 20 patients (30 to 60 mg orally per day ) 
for 7 to 14 days before operation. Since 1969, patients 
also received propranolol (30 mg orally per day) for 3 
days before operation. Our experience showed that pre- 
operative use of a-adrenergic blocking agent was of con- 
siderable help in stabilizing the blood pressure, and we 
believe that adding propranolol to the preoperative regi- 
men decreased the incidence of cardiac arrhythmias dur- 
ing the surgical procedure. 

Effective preoperative preparation—correction of hy- 
povolemia and electrolyte disturbance and a receptor 
blockade regimen—has decreased the former frighten- 
ing and “nightmarish” hazards of surgical procedures for 
this tumor. 

Various anesthetic agents have been used, including 
methoxyflurane, halothane, diethyl ether, and Innovar. 

Halothane produced ventricular arrhvthmias.*!9?! Di- 
ethyl ether was an excellent agent but because of its ex- 
plosiv e property, it was replaced by Innovar. 

At the time of operation, the patient's blood pressure, 
central venous pressure, pulse, blood loss, and ECG 
should all be monitored continuously. The anesthesiolo- 
gist should have norepinephrine and blocking agents such 
as propranolol and phentolamine readilv available. 





Operative Management 


Several surgical approaches have been used, including 
transabdominal, thoracoabdominal, posterior, and flank 
incisions. Two reasons persuaded us that the transab- 
dominal approach was mandatorv. First, as these tu- 
mors were multiple in about 7% of our patients and extra- 
adrenal in about 10%, thorough exploration of all 
chromaffin tissue in the abdomen was imperative. Second, 
associated intra-abdominal diseases, such as cholelithia- 
sis, could be corrected at the same time. 

Since the transabdominal approach is sufficient for all 
the surgical procedures, we do not think it is necessary, 
or even wise, to transgress the integritv of the pleural 

cavitv. Our preference. is for a bilateral subcostal inci- 
sion. After a general examination of all viscera, particular 
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attention should be focused on all chromaffin tissues and, 


finally, on the adrenal glands. The site under suspicion 
for tumor should be examined last in order to avoid wide 
fluctuations in blood pressure during palpation, which 
would make further examination difficult or hazardous. 
The treatment of choice for single adrenal tumors is 
adrenalectomy with removal of surrounding fatty tissue. 
The contralateral gland is examined carefully to exclude 
bilateral tumors. When bilateral tumors are present, a 
small portion of hormonal adrenal tissue can be left 
behind in the gland with the smaller tumor. The results 
in these studies show that the Operative mortality can 
be kept below 35. 


Malignancy 


An incidence of malignant lesions of 13.12 in this 
series is higher than that reported in series from other 
institutions. Our criterion for diagnosing malignancy is 
based on proved spread of tumor to involve the non- 
chromaffin tissues such as lymph nodes, liver, and bone. 
Histologic features such as mitosis, giant cells, and nu- 
clear pleomorphism are not reliable factors in making 
a diagnosis of malignancy, as no correlation exists be- 
tween the presence of these cellular characteristics and 
the likelihood of metastasis. Difficulties, however, can 
arise in diagnosing malignancy when multiple tumors in 
the periaortic areas are too large for resection and only 
small specimens are taken for biopsies to establish that 
the tumor type is a pheochromocytoma. The onus on 
the surgeon and the pathologist is to prove that there is 
indeed metastasis before the tumor is labeled as malig- 
nant rather than multicentric. 

Metastatic tumors are generally functional and when 
disease recurs, symptoms reappear and hypertension be- 
comes difficult to manage; the biochemical indices of 
excess production of catecholamines often presage tumor 
recurrence. The time interval between surgical treatment 
and recurrence varies and disease can recur many years 
after the primary lesion has been removed. Our studies 
showed that in 11 o£ 13 patients with malignant tumor 
resected for cure, recurrences developed with a median 
distribution, of 5.6 years after operation. Our policy is to 
follow the condition of our patients indefinitely, if feasi- 
ble. À determination of urinary metanephrine is made 
annually at first and then less often; when findings are 
abnormal, a search is made for recurrence. When re- 
current tumors are proved to exist, an endeavor is al- 
ways made to remove all the anatomically accessible 
metastases, unless major medical contraindications dic- 
tate against surgical procedures, so as to ameliorate 
symptoms and allow better control of hypertension, in 
view of the long survivorship with this tumor. If com- 
plete surgical resection of metastatic tumors is not pos- 
sible, then effort should be made to reduce the size of 


PHEOCHROMOCYTOMA . . 


145 


the tumor. Recurrent disease should be viewed with op- 
timism as it is compatible with long survival, even up 
to 20 years. 

Chemotherapy is of little help in the management of 
widespread malignant disease as the tumor is nct sensi- 
tive to most chemotherapeutic agents. In contrast, radia- 
tion therapy may be of benefit in palliation.!? 


Followup 


Survivalship 


All 138 patients were treated surgically, the operative 
procedures consisting of partial or total adrenalectomy 
in 124 (118 unilateral and 6 bilateral), excision of tu- 
mors in 9, and palliative procedures in 5. 

The operative mortality was 2.9%. Four deaths occurred 
prior to 1965. Two deaths were due to massive uncon- 
trollable bleeding as a consequence of trauma to the 
inferior vena cava and the common iliac veins. In the 
other two deaths, cardiac arrests complicated hypoten- 
sion at the time of operation. The recurrence rate efter 
surgical treatment was 9.8% and the 5-year survival sub- 
sequent to treatment was 96% for benign tumors and 
44% for malignant tumors. 

The 18 patients with malignant pheochromocytoma 
were treated as follows: 5 patients had palliative proce- 
dures, because the tumors had already metastasized when 
the patients were first seen, and 13 had cur ative resec- 
tions. Of these 18 patients, 12 died of the disease 1 month 
to 17 years after the primary operation, the median inter- 
val being 5.6 years; 2 were alive without disease at last 
followup, and 4 were alive with disease 5, 20, 20, and 21" 
years after primary surgical treatment. Two factors in- 
fluenced prognosis. First, significant differences were 
noted in mortality between the patient with adrenal tu- 
mors and those with extra-adrenal tumors. Of 14 patients 
with extra-adrenal tumors, 4 had metastasis and all 4 died 
of the disease within 2 years after surgical treatment, a 
mortality of 28.6%. In contrast, of 124 patients with 
adrenal tumors, metastasis developed in 14 patients, but 
at the time of this report only 8 had died of the disease, 
a mortality of 6.5%. Of the six other patients still alive 
at last followup, four have active disease and two do 
not. Secondly, patients with pulmonary metastasis had 
a poorer prognosis than other patients.*5:10.22 

The results of surgical treatment of the patients with 
nonmalignant pheochromocytomas and those with malig- 
nant pheochromocytomas were compared with each other 
and with a group of normal population (Fig. 7). The 
actuarial survival curve for the group of patients with 
benign pheochromocytoma was comparable to the ex- 
pected survival curve for a group of the same age and 
sex distribution under the death rates for whites, 195€ 
( Northwest Central States). 
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Fic. 7. Actuarial survival curve for patients with benign and 
malignant tumors compared to that of the normal population. 
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However, the actuarial survival curve for patients with 
malignant pheochromocytomas showed a significant de- 
crease in survivorship when compared with the curve 
for patients with benign tumors or the curve of a normal 
population of similar age and sex distribution. 


Postoperative Blood Pressure Status 


The l-year postoperative blood pressure status of 108 
patients with benign pheochromocytoma operated on in 
1950 through 1970 was determined. Five patients were 
* lost to followup. Of the other 103 patients, 75 had normal 
blood pressure while 28 had persistent hypertension 1 
year after surgical treatment. Of those with persistent 
postoperative hypertension, the preoperative clinical 
setting was as follows: 18 had sustained hypertension, 9 
had episodic hypertension, and 1 patient, with Sipple 
syndrome, was normotensive. 


Comment 


Pheochromocytomas are functional tumors of chro- 
maffin tissue, The commonest sites of occurrence in order 
of decreasing frequency are the adrenal glands and extra- 
adrenal chromaffin tissue in the abdomen, bladder, 
thorax, and mediastinum. Some chemodectomas of the 
glomus jugulare and carotid body occurring in the neck 
may produce catecholamines (functioning paraganglio- 
mas) and are difficult to distinguish from pheochromo- 
cytomas.!? 

The incidence of pheochromocytoma at the Mayo 
Clinic as shown at autopsy was 0.1% or 15 of 15,934 au- 
` topsies. Kvale et al." reported 51 cases in 7,993 pa- 
tients who were screened with pharmacologic tests and 
blood catecholamines for hypertension, giving an inci- 
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dence of 0.632 of patients with pheochromocytoma among 
hypertensive patients. Four to six new cases of this tumor 
per year have been encountered in this clinic in the last 
decade. Two new cases of pheochromocytoma were 
found in Rochester, Minnesota residents over the past 45 
years; thus the yearly incidence of new cases is 0.14 
(0.2 to 0.52)/100,000 per annual population. The peak 
incidence for both benign and malignant pheochromo- 
cytoma is in the fourth to fifth decades of life. An in- 
teresting finding was the higher preponderance of fe- 
males in the group with malignant pheochromocytcma, 
the significance of which remains obscure. 

Observations that the right adrenal gland is involved 
more frequently than the left and that intra-adrenal tu- 
mors are about nine times more common than extra- 
adrenal tumors again confirm studies from other in- 
stitutions. However, the incidence of bilaterality (4.82) 
is lower than most series. 

The incidence of Sipple's syndrome is about 3%. Since 
1970, several new families of patients with this syndrome 
have been seen in this institution. Serum calcium and 
calcitonin levels should be assayed as well as urinary 
metanephrine in first order relatives of any patient with 
this syndrome. It is still debatable whether patients pre- 
senting with pheochromocytoma as part of this syndrome 
should have routine cervical exploration for medullary 
carcinoma of the thyroid gland, even when no thyroid 
enlargement is noted. Hopefully, the development of a 
reliable calcitonin assay may resolve this question. 
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DISCUSSION 


Dr. Cuartes Eckerr (Albany): I arise to emphasize two 
points, both of which were covered in his paper. The first is that 
if you have a patient you are going to operate upon with thyraid 
disease who is hypertensive, by all means screen the patient for 
the presence of a pheochromocytoma, because of the possibility of 
Sipple’s syndrome. 

Next, I think acequate preoperative preparation of the patient 
has eliminated for the most part the terrifying swings in blood 
pressure that were experienced before we used adrenolytic therapy, 
and we seldom use propranolol. All our patients are treated with 
Dibenzyline. We Bee this, for the most part, adequate, and 
only in those patients who have arrhythmias, or who are not 
properly controlled, do we add propranolol to their management. 

I think the other important feature is restoring the plasma vol- 
ume deficits that are always present in these patients. While we 
continue to have norepinephrine in the operating room and adreno- 
lytic drugs, we seldom have to use them today, since we now 
have such good methods of preoperative preparation. 


Dr. H. Wura Scorr, Ja. (Nashville): Pheochrcmocytoma, 
as you can see, is not a very common tumor, even at the Mayo 
Clinic. Not too long ago we heard a report by Dr. ReMine on 
25,000 cases of gastric cancer which have been submitted to 
exploration at the Mayo Clinic; this tumor certainly has quite a 
different incidence. 

In the last 20 years in the hospitals affiliated with Vanderbilt, 
the pathologic diagnosis of pheochromocytoma has been made in 
about 40 patients. In nine of these patients during this time, the 
clinical diagnosis was not made, the patient was not operated on 
for pheo, and every one of those nine patients died, the diagnosis 
being made at autopsy by the pathologist. This is indicative of the 
hazards of this dangerous tumor. 

In the remainder, the clinical diagnosis was made. Three of 
these were patients referred to our chemotherapy clinic with 
metastatic pheo. There were two other patients in the group who 
had malignant tumors, one of which was successfully removed and 
cured. The other one, unfortunately, recurred five years after 
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initial removal and died subsequently with metastases. In the re- 
mainder the tumor was benign and was removed with survival in 
all except one patient, unfortunately, who succumbed in the post- 
operative period from renal shutdown, which we believe was due 
to Penthrane anesthesia, which has since been abandoned in this 
particular use. 

The screening tests for pheochromocytoma, we think, should be 
used in all hypertensive patients, since the tumor can simulate 
any hypertensive syndrome. We are very much interested im 
Dr. ReMine's use of the blocking agents, and the success he has 
obviously had. We, like Dr. Eckert, have tended to use phenoxy- 
benzamine in the last several years, believing that alpha blockade 
enhances the safety of operation and is not very hazardous as far 
as its side effects are concerned, whereas we have been concerned 
about the use of propranolol, and have reserved it, as he has, for 
only the patients with arrhythmias. 

I wish Dr. ReMine would say a word about what his anesthesi- 
ologists do in the operating room. Ours tell us that pre-op alpha 
blockade with phenoxybenzamine is only a small part of the han- 
dling of these patients. Unlike the anesthesiologists at the Mayo 
Clinic, Dr. Bradley Smith likes to use large doses of halothane tak- 
ing the patient down deeply before the patient is intubated. He 
also uses a lidocaine drip to control arrhythmias during operation, 
and our patients usually have a very smooth course during the 
operative removal of the tumor. I wonder what Dr. ReMine's 
anesthesiologists use in this regard. l 

I have one slide which I might show. Dr. Oates in our Depart- 
ment of Medicine has been interested for many years in the use 
of alpha methyl tyrosine as a metabolic inhibitor of the biosynthesis 
of the catecholamines. This inhibitor fits into this area, (indicating ) 
blocking tyrosine’s conversion to dopa in the biosynthesis of 
epinephrine and norepinephrine. I wonder if Dr. ReMine, has had 
any experience with the use of this agent. It has been controversial 
and our experience is limited. 

Finally, Fd like to ask Dr. ReMine if he knows of any chemo- 
therapeutic agent that has value in treating a malignant pheo- 
chromocytoma. Dr. Vernon Reynolds in our institution has tried 
the combination of vincristine and Cytoxan with some success 
temporarily in a few patients. 
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I wonder if Dr. ReMine has had any experience with these or 
other chemotherapeutic agents; and if so, what value do they have? 


Dr. WinLniíAM P. LONGMIRE, JR. (Los Angeles): I would like 
to compliment Dr. ReMine and his co-authors for presenting to us 
a review of the experiences of the surgeons at the Mayo Clinic 
in the treatment of pheochromocytomas since the time that Dr. 
Mayo performed the first resection in 1926. Certainly, this large, 
well-evaluated study gives us great specific knowledge about the 
diagnosis, the treatment, and the results of this fascinating but 
relatively rare tumor. 

The surgeons are to be commended for the very excellent opera- 
tive SIS. of 2.92, with all of the deaths occurring prior to 
1965. They have stressed in their manuscript the importance: of 
preoperative management of patients with pheochromocytoma with 
correction of hypovolemia and electrolyte disturbances and the 
institution of a receptor blockade regime to lower and to. stabilize 
the blood pressure and pulse rate, thereby diminishing the critical 
swings of blood pressure and cardiac action during operation and 
during the immediate postoperative period. The ages of their pa- 
tients ranged from 3 to 78 years, with the peak incidence in the 
fifth decade of life. 

Our interest in pheochromocytoma in children was stimulated 
by the case of a 15-year-old girl who was operated upon for a 
bilateral pheochromocytoma with complete relief of her symptoms 
for over a year. In reviewing the literature concerning pheochromo- 
cytomas in children at the time of this operation, we found that 
the most persistent symptom was a sustained hypertension occur- 
ring in about 80% of patients, as contrasted to 49% in Dr. ReMine's 
series. Extra-adrenal pheochromocytomas were reported in 31%, 
and multiple tumors such as occurred in our case were present 
in 32% of pheochromocytomas in children. Of some concern was 
the fact that there had been five instances reported of a second 
pheochromocytoma appearing following the removal of an earlier 
tumor, ene as long as four years after the orizinal operation. 
Contrary to the occurrence in adults, such as was reported in the 
present paper, where females show a great preponderance, in 
children, males seem to predominate. Sixty-two per cent of the 
cases occurring in girls have been concentrated during the 
Jpremenarchal period. 


Dn. LesLie P. LeQuesne (London): I need hardly say that 
neither I nor my colleagues at The Middlesex Hospital have an 
experience which in any way compares with his, but we have seen 
a number of these tumors, and we have been very interested in 
one aspect of them which he only briefly touched upon, and that 
is the hypovolemia that some of these patients have. We believe 
that the correction of this is exceedingly important in the manage- 
ment of these patients, and I would like to suggest to you that it's 
important in respect to another manifestation of the tumor, which 
is comparatively rare. 

A few years ago we had a visit at The Middlesex Hospital 
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from Dr. Robert Zollinger, and we asked him to do a CPC for us, 
and we sent him the protocol of the case, which I thought was, 
for practical purposes, undiagnosable. One of the manifestations 
of this very complicated illness was that the patient had a per- 
sistent hypokalemia. And after 45 minutes of, as you can imagine, 
extremely lively dissertation on this patient, Dr. Zollinger finally 
ended up by saying: Well, of course this patient had a pheo- 
chromocytoma. And of course he was right, and at the time none 
of us understood this. 

A few years later we had the opportunity to study a patient 
who had got an established pheochromocytoma, and also had a 
persistently low serum potassium. We measured this patient's blood 
volume, and it was significantly reduced. We then measured the 
patient's aldosterone, and we found that this patient had a persist- 
ent secondary hyperaldosteronism. I would like to suggest to you 
that this rare manifestation of pheochromocytoma is a very interest- 
ing expression of secondary hyperaldosteronisit ' 

There's one question I would like to ask Dr. ReMine. He 
mentioned briefly the use in the diagnosis of these patients of 
adrenal venography. We're rather chary of this, because we have 
seen serious complications from this investigation, and I know that 
throughout Great Britain there have also been a number of com- 
plications. I would be loath to accept the fact that our radiologist 
are more heavy-handed than yours, and I wondered if Dr. ReMine 
had had any problems with this investigation. 


Dr. JONATHAN A. van Heernen (Closing discussion): Since we 
have been using propranolol, our anesthesiologists like us a little 
bit better than they did in the past. It seems to control the inci- 
dence of arrhythmias during surgery, which we seldom see these 
days. The anesthesia of choice has been Innovar, with Regitine 
as a standby. 

As far as chemotherapy is concerned, Dr. Scott, we don’t know 
of anything specifically valuable for malignant pheochromocytomas. 
The use of long-term Dibenzyline has tended to control the symp- 
toms, but it certainly had no influence on the malignant course of 
the disease. 

Perhaps our radiologists do have smaller hands. We have not 
had any trouble with selective venography. We have had minor 
trouble with selective venography for aldosterone secreting tumors, 
in that some of them have had some small hemorrhages. 

In the past number of years we have become quite fascinated 
with the entity of Sipple’s syndrome, which you all know well. 
This syndrome is transmitted as an autosomal dominant trait with 
a high degree of penetrance. Accurate diagnosis is possible by the 
assay of serum thyrocalcitonin, with or without the aid of calcium 
infusion. The treatment is total thyroidectomy. 

We bring this up only to point out that the pheochromocytomas 
found in people with Sipple’s syndrome differ from the common 
garden variety of pheochromocytoma. It differs in that it is more 
often bilateral, it is more often multicentric, and, most interestingly 
and completely unexplained, it is often unresponsive to provocative 
diagnostic tests. 


Mammography: 


An Aid in the Treatment of Carcinoma of the Breast 
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The indications and contraindications for mammography are 
reviewed in a study of 182 patients with breast biopsy or 
mastectomy. The mammographic signs seen in breast carci- 
noma are presented. In the group studied, a correct diag- 
nosis was made in 80.2% of the cases, with a false positive 
diagnosis in 13.1% and a false negative in 6.6%. The con- 
cept of “minimal breast cancer” is defined. A method of 
localizing nonpalpable breast masses, injection mammogra- 
phy, is described. Surgical management continues to be the 
best means of lowering the mortality of breast cancer. 


ARCINOMA OF THE BREAST occurs in 30% of American 
females and is the most frequent cause of death 
in women between the ages of 40 and 46.4° There has 
been no improvement in the mortality statistics of this 
disease in recent years.!4?5 
Mammography has been used for 50 years, sporadically 
at first but more frequently and with better results in the 
past few years. The introduction of more specialized 
radiographic equipment, which provides exceptional con- 
trast and fine details in films,!* has made mammography 
an excellent addition to the armamentarium for the diag- 
nosis of breast disease. The indications and contraindica- 
tions for its use have been defined, and it has become 
axiomatic that close cooperation is essential between the 
surgeon, radiologist and pathologist if the best use is to 
be made of mammography. 


Indications for Mammography 


The remaining breast, after contralateral mastectomy 
for carcinoma, should be evaluated by x-rays annually 
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and more frequently if symptoms appear. Breast carci- 
noma is multicentric and a metachronous carcinoma will 
occur in 7% to 10% of such patients.9?* 

Fibrocystic disease in a lumpy breast may obscure a 
small carcinoma and should be screened by mammog- 
raphy. 

Large breasts may contain a neoplastic mass that can- 
not be palpated and should be screened. . 

Patients with strong family history of breast carcinoma 
will develop a neoplasm 2 to 7 times as frequently as 
the general population?* and should be x-rayed perioci- 
cally. 

Patients with nipple discharge, whether or not a palp- 
able mass is present, should have mammography in 
search of neoplasm as the cause of the discharge. 

Detection of a second primary breast carcinoma, 
whether ipselateral or contralateral, can best be found 
by mammography ( Table 1). 


Contraindications for Mammography 


X-rays of the breasts below the age of 30 years are 
unproductive due to the denseness of young breast tis- 
sue.?L25 Even masses occurring in the young breasts 
will not be seen on films as a rule.” In such patients 
physical examination is more helpful. Between the ages 
of 30 and 40 years mammograms may be helpful, but 
the breasts of patients 40 and older have greater fat con- 
tent and therefore greater contrast and detail. In addition, 
this is the age group in which breast pathology occurs 
more frequently. 


TABLE 1. Indications for Mammography 


|. Remaining breast after contralateral mastectomy for carcinoma. 
2. The “lumpy” breast. 
3. The large breast. 
4. Strong family history of breast carcinoma. 
5. Nipple discharge: 
With palpable mass 
Without palpable mass 
6. Detection of second primary breast carcinoma: 
Ipselateral 
Contralateral 


Mammography as a Screening Procedure 


Screening of asymptomatic women an even of patients 
referred by their physicians gives a yield of 2.7 to 4.11 
carcinomas per 1,000 patients?^?5* the first year, and 
on subsequent screening years the number of carcinomas 
found dropped precipitously. Mammography as a Pub- 
lic Health screening measure does not justify the man- 


power and cost of such a program. 


Mammographic Signs 


A dense or dominant mass is seen which is usually 
single. It may be spiculated with areas of invasion that 
give it a starlike outline. Extension of the tumor into 
contiguous tissue mav give the appearance of a domi- 
nant mass and a trailing tail called the comet sign. 9.19.15, 
17,19,26 a 

Fine calcific stippling in a localized area appears in ap- 
proximately of the nonpalpable carcinomas and appears 
as fine stippling best seen with a magnifying glass. As 
,Iew as three flecks of calcium may be seen, and it is usu- 
ally agreed that the larger the number of flecks, the 
more pathognomonic the finding. This should not be 
confused with dystrophic calcification, which is larger 
and is more common in duct stasis, papillomatosis or 
comedocarcinoma. 

There is a loss of mammographic svmmetry of the 
breasts due to the neoplastic changes. 

The mass when palpated feels larger than it appears 
on the radiograph. 


TABLE 2. 
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Mammographic Signs 
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1. Dominant mass: 
Dense shadow 
Crab sign 
| Comet sign 











: Lobulation 
2. Fine calcific stippling. 
Varigated stippling in a localized area. 
3. Loss of mammographic symmetry. 
1. Mass feels larger to palpation than it appears on radiographs. 
3. Localized skin thickening. 
6. Unilateral increased vascularity. 
7. Change from previous films. 
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Localized skin thickening often appears near the domi- 
nant mass or the thickening mav be the onlv abnormal- 
ity seen. 

Increased vascularity may appear in the affected breast 
due to the increased demand for nourishment for the 
rapidly growing tumor. 

If the patient has previous mammograms on file there 
will be a change from the previous films ( Table 2). 


Accuracy of Mammography 


The accuracy of mammography has been reported 
from 68% to 8942,59.21?4 False positive radiologic diag- 
nosis is not a problem as the lesion incorrectly diagnosed 
as carcinoma is due to benign breast disease. False nega- 
tive diagnosis should be weighed bv the surgeon, and if 
he has any doubt about the mammographic diagnosis 
biopsy is indicated, as 20% of breast carcinomas show no 
radiologic signs.* False negative readings vary from 6% 
to 20$. 3.21,22.24 

A two-vear studv from April 1, 1971 to April 1, 1973 
was made of mammography at St. Joseph's Infirmary. All 
films were made using a special radiographic apparatus 
specifically designed to produce x-rays optimal for soft 
tissue radiography. The films were developed in a 90- 
second film processor. During this two-year period 724 
sets of mammograms were made. Our study was limited 
by discarding all patients lost to followup or those whose 
records were incomplete. Only the 182 patients subjected 
to biopsy and/or mastectomy were studied. Of this num- 
ber 59 patients had histologically proven carcinoma 
(32.4%). A correct positive diagnosis was given in 47 
patients and correct negative in 99, a total of 146, which 
is an accuracy rate of 80.2€ in the 182 patients under- 
going biopsy and/or surgery. False positive diagnosis 
was made in 24 patients (13.1%), all of which had some 
type of benign breast pathology, fibrocvstic disease, 
fibroadenoma, papilloma or galactocoele. False negative 
diagnosis was made in 12 patients (6.62). 

Mammography is not a substitute for biopsy. 


Minimal Breast Cancer 


A new concept has appeared in the surgical literature 
in the past few years; minimal breast cancer.! 27.512.17.19,20 
This should be distinguished from earlv breast cancer, 
meaning a small cancer, which, by inference, has been 
present only a short time, and from occult breast cancer, 
meaning a cancer which cannot be palpated. By defini- 
tion, minimal breast cancer is a malignant lesion no 
larger than .5 cm in diameter and which is usually a 
lobular carcinoma with or without microinvasion or in- 
traductal carcinoma with or without microinvasion.!:7:8 
The most common radiologic sign of minimal breast can- 
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Fic. la. A.C., F, age 47: Lateral mammogram showing small, ^ Fic. 2a. A.C.: Lateral view of injection mammogram of the same 
spiculated, dominant mass deep in a large breast. Carcinoma. breast. Arrows delineate the mass. Note dye to the left (super- 


ficial to the mass). 





Fic. 2b, A.C.: Craniocaudad mammogram of the same breast. 
Fic. 1b. A.C.: Craniocaudad mammogram of the same breast. Arrows delineate the mass. Note dve superficial to the mass. 
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Fic. 3a. D.D., F, age 56: Lateral mammogram of a large breast 
showing a deeply located, nonpalpable, dominant mass. Hyalinized 
fibroadenoma. 





Fic. 3b. D.D.: Craniocaudad mammogram of the same breast. 





Fic. 4a. D.D.: Lateral view of injection mammogram of the same 
breast. Dye was deposited 2 cm. superior to mass. 





Fic. 4b. D.D.: Craniocaudad view of injection mammogram of the 
same breast. Dve was deep to the mass. 


mi 
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Fic. 5a. M.R., F, age 47: Lateral mammogram reveals nonpalpable, ^ Fic. 6a. M.R.: Lateral view of injection mammogram superficial to 
smooth, dominant mass at the 11 o'clock position deep in breast. the mass. 
Fibrocvstic disease. 





Fic. 5b. M. R.: Craniocaudad mammogram of the same breast. | à 
The mass was seen on mammograms one year before but the mass — Fic. 6b, M.R.: Craniocaudad view of injection mammogram with 
has enlarged and is denser than on previous films. dye superficial to the mass. 
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cer is microcalcific stippling.! ?-9.19.12.15.17.1? These lesions 
rarely have spread or metastasized to the regional lymph 
nodes and have a better prognosis even with a less radi- 
cal extirpation.^? It is difficult and time-consuming to 
find and excise a lesion of this size especially in a jas ge 
breast. Cases are reported in which the surgeon remov cd 
an area of breast that did not contain the tumor or where 
the tumor plus surrounding breast was removed and 
the pathologist took sections of an area other than the 
small malignancv. Elaborate, tedious and time-consum- 
ing methods have been used to eliminate these errors. 
Quadrant or half quadrant mastectomies have been done 
leaving a grossly deformed breast. The excised breast 
tissue is "bread loafed" in slices with a lead marker at- 
tached to each; the slices are x-raved in search for the 
carcinoma and when found, the area is examined bv the 
pathologist. 5.95.15: Some use lead markers on the 
breast at the time of mammography.” Others make dia- 
grams on clear film of craniocaudad and lateral mammo- 
grams and use them as a guide to these small lesions.” 
Price and Butler!? have taken stereographic paired films 
of the breasts and claim a limit of accuracy of 3 mm. 
Mammograms are taken in the sitting position; on the 
operating table the breasts fall late: ally and caudad 
especially if thev are large. This vitiates lead markers 
on the breasts at mammography, skin marking with 
dye or” drawings made from mammograms as an ac- 
curate localization of minute breast masses. 


Injection Mammography 

* This term is used to differentiate this procedure from 
radiologic mammography. Simon ef al?? described an 
injection technique for localizing small breast lesions in 
1972. We have used a modification of their technique in 
12 patients with successful localization of masses meas- 

uring 4 mm to 1.5 cm in 10 patients. 
One failure was due to the use of Methylene blue as 
a marker. The second failure showed no tissue dve at 
surgery and the cause is unexplained. The protocol for 
injection mammography is as follows. In consultation with 
the radiologist the craniocaudad and lateral mammo- 
grams are reviwed and the small area of calcification lo- 
alized on the films. With the patient sitting in the mam- 
mography chair a wheal of local anesthetic is made in 
the skin at the appropriate location; a #23 g gauge, spinal 
anesthesia needle is inserted through pn wheal in the 
direction and to the depth that will bring the tip of the 
needle as near the lesion as possible. The stvlet is with- 
drawn and using a tuberculin svringe .06 ml (1 drop) 
of Megulmine Diatrizoate and Sodium Diatrizoate mixed 
with .06 ml (1 drop) of Evans Blue dve are injected. The 
tuberculin svringe is detached, filled with air, reattached 
and the air is injected to clear the needle of the dve and 
radiopaque material. Care is taken not to inject larger 
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amounts of contrast material as this may obscure the 
area of microcalcification. The blue dye diffuses readily 
and using a large bolus will stain too large an area. 
Mammograms are taken and the films are reviewed to 
determine how close to the mass the radiopaque ma- 
terial has been deposited. Fluoroscopy was not used and 
no mammograms were taken with the needle still in 
place. We have not resorted to reinjection of the breast 
and have been gratified that the dye has been injected 
within .5 to 1.5 em of the breast mass regardless of its 
size. Injection mammograms are made the afternoon 
before ue At surgery a incision is dus in me 
sects more ean a aie plue e. is seen ach a 
comes more vivid as he approaches the mass in question. 
The area of blue dye is excised; if the tumor mass is 
white, the surrounding dve delineates it more clearly, The 
excised tissue is taken to the radiology department where 
a specimen mammogram is made to ascertain whether 
the area of microc: ilcificition has been removed. The 
radiologist takes the tissue mammograms and the biopsy 
specimen to the pathologist and points out the area to be 
examined microscopically. This technique has shortened 
the time of breast exploration especially in patients with 
large breasts with a small area of microcalcification lo- 
cated deep in the breast. The smallest area of microcal- 
cification, that was neoplastic in the ten patients, was 4 
mm in diameter. 

It is shown that malignant breast masses 5 mm or less 
in diameter very rarely [om metastasized to the regional 
nodes and have a much better survival rate than palpable 
malignant breast masses." 51*2?25 [t is believed that 
this is the best means of improving long term survival 
from breast cancer at the present time. 


References 


1. Barker, W. F., Sperling, L., Dowdy, A. H., Zeldis, L. J. and 
Longmire, W. P.. Jr.: Management of Nonpalpable Breast 
Carcinoma Discovered by Mammography. Ann. Surg., 170: 
385, 1969. 

Berger, 5. M., 


Lo 


Curio, Barbara M., Gershoncohen, J. and Isard, 
Harold J.: Mammographic Localization of Unsuspected 
Breast Cancer. Am. J. Roent., 96:1046, 1966. 


3. Clark, R. E , Copeland, M. M., Exar R. L., Gallager, H. S., 
Geller, Lindsay, J. P., Robbins, L. C. and White, C. E.: 
Re me ere of the Technic of ee (Egan ) 
for Cancer of the Breast. Am. J. Surg., 109:127, 1965. 


4. Cohn, H.E.: Mammography in its Proper Seared ( Edi- 


torial) Surg. Gynecol. Obstet., 134:97, 1972. 

5. Copeland, M. M. and Scott, W. Ce Mammography, A Progress 
Report. Am. |. Surg., 116: 57, 1968, 

6. Egan, R. L.: Roles of Mammography in the Early Detection 


, 1969. 
A Surgeon's Dilemma. 


of Breast Cancer. Cancer, 24:1197 
Galante, M.: Minimal Breast AN 
Cancer, 28:1516, 1971. 
8. Gallager, H. S. and Martin, J. E.: An Orientation to the Con- 
cepts of Minimal Breast Cancer. Cancer, 28:1505, 1971. 


~l 


ne od 


*1 


. 179 * No. 5 


< 
e. 


9. Gershon-Cohen, J.: Medical and Legal Implication of Mam- 
mography. Surg. Gynecol Obstet, 130:347-—Editorial, 
1970. 


Gershon-Cohen, J., Yiu, L. S. and Berger, S. M.: The Diag- 
nostic Importance of Calcareous Patterns in Roentgenogra- 
phy of Breast Cancer. Am. J. Roent., 88:1117, 1962. 


Hayden, C. W.: A Surgeon Looks at Mammography. Arch. 
Surg., 93:853, 1966. 


McClow, M. V. and Williams, A. C.: Mammographic Exami- 
nations (4030): Ten Year Clinical Experience in a Com- 
munity Medical Center. Ann. Surg., 177:616, 1973. 

Minagi, H. and Youker, J. E.: Roentgenography of Breast 
Specimens. Am. J. Surg., 115:435, 1968. 


Orloff, T. J.: The Senograph: New Tool for Cancer Detection. 
JAMA, 216:681, 1971. 


Patton, R. B., Poznenski, A. K. and Zylak, C. J.: Pathologic 
Examination of Specimens Containing Nonpalpable Breast 
Cancers Discovered by Radiography. Am. J. Clin. Path., 
46:330, 1966. 

Price, J. L. and Butler, P. D.: Stereoscopic Measurement in 
Mammography. Br. J. Rad., 44:901, 1971. 

Rosen, P. Snyder, R. E., Foote, F. W. and Wallace, T.: De- 
tection of Occult Carcinoma in the Apparently Benign 


Breast Biopsy Through Specimen Radiography. Cancer, 
26:944, 1970. 


10. 


LE, 


12. 


13. 
14. 


15. 


16. 


17. 


DISCUSSION 


Dr. BENJAMIN F. Byrn, Jr. (Nashville): It was most informa- 
tive to hear described the ingenious fashion in which Dr. Shepard 
and his group have converted an x-ray technique into a clinical 
tool. It's a very interesting adaptation of the mammographic aid 
to detection and identification of breast tumors. 

I was especially impressed with the emphasis which he places 
on the mammogram as a tool which can be used by the surgeon 
in identifying suspicious areas for OD but not as a substitute 
for microscopic examination of clinically dominant lumps or of 
radiographically suspicious lesions. All this is especially important 
with the increasing use of mammography and thermography. 

The Task Force for Breast Cancer Control of the American 


` Cancer Society and the National Cancer Institute have now desig- 


nated 20 centers across the United States, with the prospect of 
examining at each center 5000 women each year, with a pertinent 
history, physical, mammograms—either the conventional or xero- 
radiographic studies—thermography, and a followup. These are 
pilot projects, but of course have some epidemiologic impact. 
From these 100,000 women examined each year it is hoped that 
a valid technique for identifying high risk groups can be de- 
veloped, and although the initia] methods of examination are well 
outlined, it is probable that by the end of the fifth year of this 
five-year project new tests will be in use which may prove to be 
much more effective than those currently employed. 

Early reports from these centers have just begun to come in. 
From the Gutman Institute, 23,824 patients were examined in a 
period of 10 months. Seventy-four cancers were found, and in 37 
of these patients lymph node metastases were found at subse- 
quent surgery. 

At the University of Kansas Medical Center in the first month of 
operation 601 patients were seen, 35 biopsies recommended, and 
four cancers found. Essentially these same proportions have been 
the result of the operation at the University of Cincinnati, at the 
Virginia Mason Research Center at Seattle, and at the Health 
Sciences Center at the University of Oklahoma. 

As patients have lesions that are found as the product of these 
efforts, the question of organized investigation of these lesions be- 
comes increasingly important. Certainly, the injection of tissue 
dye and radiopaque material is an ingenious and effective answer 
to this part of their management. The question which must be 
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answered in the laboratory is: Has the lesion seen on x-ray been 
removed? 

The use of the Faxitron in the pathology lab and the preparation 
of a Polaroid radiograph is a gerat help, using the bread loaf 
technique which is described in the manuscript by Dr. Spepard. 
Still to be answered is the value of all this in justifying the use 
of limited surgery for invasive malignancies. 

The earliest detectable invasive breast cancers have already 
spread to the axillary lymph nodes in at least 25% of the cases. 
This is a matter which one must equate in managing the patient 
with an early lesion. I would like to ask Dr. Shepard how the rise 
of mammography has affected the treatment of the patient with 
invasive breast cancer in his experience. 


Dr. WiuiiíM W. SuHincLeron (Durham): I would like to 
support the concept of the use of this modality in early detection 
of breast cancer. As he stated, this is one of the most prevalent 
of all of the cancers; not only that, but it is increasing in fre- 
quency. It’s estimated that there will be 60,000 new cases in this 
country this year, with 27,000 deaths. It’s also estimated that one 
of every 17 female infants who are born is destined to develop 
breast cancer eventually. This means, of course, that with the 
increasing need for early detection, we are all interested in new 
ways of trying to accomplish this. 

Now, I thought you might be interested in the study currently 
in progress in New York, which is supported by the National 
Cancer Institute. It’s being conducted in the Greater Health Plan 
of New York, where they have divided two groups of women, 
51,000 in each group, one group having physical examination 
alone for detection of breast cancer, the second group having 
physical examination plus a mammogram obtained. 

Now, this study has already gone for six years. We have the 
data at the end of the first five years. The end point they are Jook- 
ing for is not how many cancers they find, but, rather, how many 
patients are dying of breast cancer in the two groups of patients; 
and one year ago, at the five-year followup level 64 patients who 
were in the group that had physical exam alone had died of breast 
cancer at the end of five years. The number who had died who 
had had the physical exam plus the mammogram was 40 patients. 


In other words, there was a reduction in deaths by one-third in ` 


those who had the mammogram obtained. 
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Dr. Phil Strax of New York, who is involved in this study, 
recently informed me that the difference in the two groups is 
holding up now at the six-year level, so that again we think we 
are beginning to see evidence here that mammography will de- 
crease the number of patients dying of breast cancer by finding 
cancers earlier. | 

There's one other aspect that's interesting about this study, and 
that is, in 44 patients in whom the cancer was detected by 
mammogram alone, without any physical sign, only one patient 
has died at the end of five years. This, I think, is very striking, 
and I think it behoove all of us to support these programs and 
look for better ways of trying to detect breast cancer. 


Dn. ASHBEL C. WirLiAMs (Jacksonville): At St. Vincent's Med- 
ical Center our experience extends over a pee of 11 vears during 
which time about 6036 mammographies have been done. In the 
last year 2000 examinations have been done which gives you an 
idea of the snow-balling rate of acceptance which will probably 
occur in-a community once mammography becomes known to the 
physicians and the public. 

We have one of the 20 centers mentioned for the detection 
of Breast Cancer by Mammography, et cetera, which center was 
just opened December 1, 1973. In our first 4000 cases, reported 
Jast year, the rate of positives was 6.3 per cent. All the patients 
were referred by physicians, many having symptoms and some 
with questionable lumps at the time. The rate of positives will 
probably drop to about 1% less when we are examining predom- 
inantly asymptomatic women. The case finding rate of occult 
cancers, those detected solely by mammography, was 1.1% in the 
first 4000 cases. 

Until very recently we were using the Mammorex machine but 
have recently switched to Xeroradiography as the chief modality. 
Our Department of Radiology feels that there is a higher rate of 
accuracy, especially in dense breast with Xeroradiography. The 
Mamm@érex is now serving as a backup machine. 

Technique is of great importance in the taking of the films 
as is skill and experience in the reading of the films, the accuracy 
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being perceptibly higher in expert hands. Dr. John N. Wolfe of 
Detroit, the pioneer of Xeroradiography, has recently reported a 
series of 400 consecutive breast cancers in which his diagnostic 
accuracy was 95%. Thirty per cent of the above 400 cancers were 
occult and would have been missed had they not had a Xerogram. 
His accuracy in cases diagnosed as positive by Xeroradiography 
was 100%. Of the cases he diagnosed as questionable, 90% were 
benign. Such precision is the product of long experience and 
keen observation. 

At St. Vincent's we have not employed the injection technique 
for localization of the lesion. In the occult lesions, a quadrant 
sized biopsy is performed. Using the Faxitron, specimen mammog- 
raphy is done in the operating suite to confirm the presence o£ the 
lesion. Further identification of the lesion is carried out by the 
pathologist and radiologist. Localization is extremely precise by 
this method. I have some fear that in these minimal lesions injec- 
tion of dye might obscure the lesion. We have found that in 
breasts recently having had needle aspiration, the mammographic 
findings are not as clear because a blush due to hemorrhage oc- 
curs at the site of aspiration, a blush capable of obscuring micro- 
calcifications. We therefore recommend that aspiration of a sus- 
pected cyst be delayed until after mammography. 

In conclusion I would like to observe that mammography is not 
a substitute for biopsy. 


Dr. Duncan SHEPARD (Closing discussion): These were very 
selected cases. They were all referred by physicians who were 
worried about their patients, and of those that were biopsied 
32.4% had a cancer; and it makes you wonder if we should be 
biopsying more patients, when you have that high a return. 

In answer to Dr. Byrd, these tiny, so-called minimal breast 
cancers very rarely have a metastasis to the lymph nodes. I do 
think I'll have to give you a theoretical answer to your other 
question: How will these small tumors being taken care of affect 
their treatment? And I don't want to get into the lumpectomy, 
simple mastectomy, radical mastectomy thing just now. I dc think 
it will probably—rightly or wrongly—end up with people doing 
a lesser operation than they ought to do. 








Penetrating Wounds of Great Vessels 
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Thirty-six patients with penetrating wounds of the great ves- 
sels treated at Grady Memorial Hospital during a 7-year 
period were reviewed. In more than 50% of the cases, diag- 
nosis of the injury was made at the time of emergency 
thoracotomy for massive bleeding. In the remaining patients 
the diagnosis was suspected: 1) when the pulse distal to the 
vascular injury was absent or weak; 2) when the patient had 
symptoms and signs of impaired central nervous system per- 
fusion; 3) when the missile had traversed the mediastinum 
and there was roentgenographic evidence of widening of 
the mediastinal shadow; or, 4) when a new murmur ap- 
peared. In all suspected cases with great vessel injury, the 
diagnosis was confirmed arteriographically. Arteriography 
in such patients should be performed to define the type and 
site of vascular injury so that its repair can be properly 
planned. Twenty-nine patients recovered from their injury, 
6 succumbed as a result of it and 1 required midforearm 
amputation following repair of a subclavian artery and vein 


-y injury. Most of these patients underwent autotransfusion 
_ which greatly contributed to their successful outcome. Local 


temporary shunt was used for protection of the spinal cord 
and/or brain when impairment of their perfusion was re- 


quired for the repair of the vascular wounds. 

my HE DIAGNOSIS AND MANAGEMENT of penetrating ald 
To the great vessels continue to be a major surgical 
challenge. This is due to the variety of clinical pictures 
with which they may present as well as the frequently 
complicated surgical management. 

The purpose of this report is to review the patients 
diagnosed and treated at Grady Memorial Hospital with 
penetrating wounds of the great vessels and discuss the 
problems encountered during their management. 


Clinical Material 
During a seven-year period, January 1965 to Decem- 
ber 1972, 36 patients with the following traumatic injuries 
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of the great vessels were managed at our institution. 
Eleven of these have been previously reported else- 
where.!*!? Four had a stab wound of the aorta (one, 
single wound of the ascending, two, single of the descend- 
ing, and one, through-and-through of the descénding 
thoracic aorta) and one patient had a bullet wound of 
the descending aorta. Two had an entrance bullet wound 
of the aortic arch and left innominate vein resu Iting in 
an arteriovenous fistula and an exit bullet wound of the ` 
descending aorta. Two patients had an aorticopulmonary 
fistula due to a stab wound of the main pulmonary artery 
and ascending aorta. Two patients had sustained a stab 
wound of the main pulmonary artery, two had a gunshot 
wound of a main pulmonary vein, and one had two stab 
wounds of the superior vena cava. Three patients had a 
gunshot wound of the innominate artery, one had a stab 
wound of the innominate vein, and one had an innominate 
artery to internal jugular vein fistula secondary to a stab 
wound. Three patients had a stab wound and two had a 
gunshot wound of the common carotid artery. There 
were five patients with a stab wound and three with a 
gunshot wound of the subclavian artery. Two patients 
had subclavian vein injury, one from a stab and one 
from a gunshot wound, and two patients had subclavian 
artery to subclavian vein fistula secondary to a gunshot 
wound, All 12 patients with subclavian vessels injury had 
a pneumothorax. 

All injuries were repaired shortly after admission to the 
hospital except for two ascending aorta to pulmonary 
artery, two aortic arch to innominate vein, one innominate 
artery to internal jugular vein and one subclavian artery 
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to vein fistulae which were corrected 1, 1, 8, 14, 21, and 
22 days after the injury, respectiv ely. 

The diagnosis of great vessel injury in 23 patients 
operated upon shortly after admission was made at the 
time of operation for massive or unrelenting intrathoracic 
bleeding. In the remaining thirteen patients the diagnosis 
was suspected: 1) when the missile had traversed the 
mediastinum and particularly when there was roentgeno- 
graphic evidence of widening of the mediastinal shadow; 
2) when pulses distal to the wound were weak or absent; 
3) when a progressively enlarging hematoma was ob- 
served; 4) when the patient had central nervous system 
defects; or, 5) when a murmur was heard. The diagnosis 

ras confirmed by arteriography before the surgical cor- 
rections in all 13 patients. 

All subclavian vessel wounds, as well as the wound 
in the innominate vein and through-and-through stab 
wound of the descending thoracic aorta, were repaired 
after the injured vessels were temporary cross clamped 
proximal and distal to the wound. Tangential partial oc- 
clusion of the injured vessels was use d for the repair of 
the stab wound of the ascending aorta and for two bullet 
and one stab wound of the nae nding aorta, for the pul- 
monary artery and vein wounds, for the wounds of the 
superior vena cava and the innominate artery to inter nal 
jugular vein fistula. One stab and one bullet wound of the 
descerftling aorta, the innominate artery wounds and the 
two common carotid artery wounds were repaired after 
cross clamping the injured artery as well as employing a 
temporary local bypass around the occluded arterial seg- 
ement. The aortic arch to innominate vein fistulae were 
closed using an external local temporarv shunt between 
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the ascending aorta and the innominate artery and partial 

tangential occlusion of the aortic arch. The remaining 

three carotid artery injuries were repaired with the use 

of a temporary internal shunt and the ascending aorta to 

pulmonary arterv fistulae were closed with the use of the 
cardiopulmonary bypass unit. 

Twenty-nine of the patients did very well without resid- 
ual disability as a result of the vascular injury. Two 
patients with innominate artery and one with left com- 
mon carotid artery injury did not regain consciousness 
after repair of the wound and died 3, 9, and 10 days after 
the injurv due to the preoperative ischemic brain damage 
and pulmonary complications. One patient with through- 
and-through stab wound of the descending thoracic aorta 
developed paraplegia following operation Ed died from 
massive pulmonary embolus on the twenty-sixth postoper- 
ative day. One of the patients with aortic arch to left inno- 
minate vein fitula from a bullet wound and a bullet wound 
of the descending aorta expired eight hours postopera- 
tively from bleeding due to markedly deranged coagula- 
tion factors. One patient with a subclavian artery wound 
died from post-traumatic pulmonary insufficiency and one 
patient developed ischemic changes of the hand and 
distal forearm following repair of Subelavi ian artery and 
vein injury necessitating midforearm amputation. 


Discussion 
The true incidence of penetrating wounds of the great 
vessels is not known since many of these patients succumb 
shortly after injury and autopsy examination is not done 
in all patients dving from trauma. In the past, penetrating 
wounds of the great vessels were infrequently encount- 


Fic. 1. Bullet wound of 
the right supraclavicular 
region. A. Chest roent- 
genogram showing a mis- 
sile at T: level and 
marked widening of the 
mediastinal shadow. B. 
Aortogram showing si- 
multaneous visualization 
of the aorta, the left 
brachiocephalic vein and 
the superior vena cava 
and poorly outlined de- 
scending aorta at the T; 
level, At the time of sur- 
gery, six hours after in- 
jury, a traumatic false 
aneursym of the descend- 
ing aorta was found and 
corrected, as well as a 
traumatic arteriovenous 
fistula between the origin 
of the innominate artery 
from the aortic arch and 
the left brachiocephalic 
vein. 
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ered and treated. With improved transportation of the 
victims from the site of injury to medical facilities and 
improved initial resuscitative measures, more patients 
arrive alive at medical facilities where they can receive 
definitive treatment. 

Penetrating injuries of the great vessels may manifest 
with massive hemothorax with or without hemorrhagic 
shock when bleeding in the free pleural cavity occurs. 
Intrathoracic bleeding may remain limited when the 
wound of the vessel is tamponaded by adjacent tissue, 
when parietal pleura is not injured or when the pleural 
space is obliterated from an old inflammatory process. 
When an intrapericardial segment of the great vessels 
is injured, cardiac tamponade, with or without hemo- 
thorax, is commonly the presenting clinical syndrome. 
Carotid or subclavian artery injury may. present with 
absent or weak pulse distal to the wound, the patient may 
be hemiplegic or comatose, or a progressively enlarging 
lower neck hematoma may be observed. External or intra- 
thoracic bleeding from the lower neck wound or symp- 
toms and signs of compression by a hematoma of intra- 
thoracic structures such as superior vena cava, trachea, 
or esophagus may also be present. Patients with pene- 
trating wound of the great arteries immediately or later 
may develop an arteriovenous, an aortocardiac or an 
aortopulmonary artery fistula and may or may not have 
signs and symptoms of congestive heart failure and 
systolic or continuous murmur may be heard at the wound 
area,? 779.112.152? The murmur may appear immediately, 
several days, or even weeks after injurv. For this reason, 
careful repeat examination, particularly auscultation, 
should be performed in all patients with a penetrating 
wound of the low cervical or thoracic region. 

The diagnosis of great vessel injury is suspected when 
the bleeding in the pleural space is massive and/or can- 
tinuous, when one or more of the previously mentioned 
clinical features is present, or when a missile has tra- 
versed the upper mediastinum, particularly when it is 
accompanied by roentgenographic evidence of widening 
of the upper mediastinal shadow (Fig. 1A). When the 
bleeding is self-limited and when no other symptoms or 
signs indicative of great vessel injury are present, the 
diagnosis may also be suspected when a new murmur or 
an aneurvsm is detected. 

When emergency thoracotomy for bleeding is not re- 
quired, the suspected diagnosis of great vessel injury 
should be confirmed with arteriography to define the 
type and site of the lesion so that the proper surgical ap- 
proach can be planned (Fig. 1B). 

The initial management of the patients with great 
vessel injury is dependent upon its clinical manifestation 
but usually involves: provision of adequate ventilation, 
relief of cardiac tamponade and restoration of circulating 
blood volume. The last of these resuscitative measures 
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Incisions utilized for the management of penetrating 
wounds of the great vessels. 


frequently cannot be effectively carried out because of 
rapid bleeding. In order to overcome the difficulty in 
promptly procuring sufficient quantities of blood in cases 
of massive hemorrhage, we have broadly utilized auto- 
transfusion of blood drained from the hemothorax during 
the last several years. This procedure has been pfoven 
to be safe and frequently life saving for patients with 
intrathoracic bleeding.!'*'* Also, in selective cases, we 
have used intraoperative autotransfusion which has pro- 
vided an additional valuable technique in the manage- 
ment of these patients who commonly require large 
quantities of blood during surgery. 

hepair of the wound of the extrathoracic portion of 
the common carotid arteries and the jugular veins can 
be performed through an oblique cervical incision along 
the anterior border of the sternocleidomastoid muscle. 
Most injuries of the two distal thirds of the subclavian 
arteries without intrathoracic bleeding can be repaired 
through a supraclavicular incision with or without partial 
subperiosteal resection of the clavicle.!? In the cases with 
subclavian vessel injury in which the exposure thusly ob- 
tained is not sufficient, the incision can be either extended 
distally along the deltopectoral groove to gain control of 
the axillary artery or proximally after partial or complete 
sternotomy to expose the injured vessel proximally. For 
cases with cervical thoracic injury requiring emergency 
exploration for intrathoracic bleeding there is no incision 
which will satisfy all the needs, but it is essential to first 
perform some type of thoracotomy to gain immediate 
control of the intrathoracic bleeding before any other 
incisions are utilized. We have usually performed 
anterolateral thoracotomy through the fourth intercostal 
space which, if not sufficient after the bleeding was con- 
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trolled with intrathoracic pressure, was extended to the 
opposite pleural space after transection of the sternum 
or to the neck by splitting the upper sternum and to the 
supraclavicular area parallel to the clavicle ( Fig. 2 I, II). 
Subperiosteal resection of the inner third of the clavicle 
, allowed sufficient lateral retraction of the musculoskeletal 
chest wall flap and satisfactory exposure for all the cervi- 
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external bypass. 
the descending aorta. B. 


innominate artery. 


cal and thoracic vessels.1415 Occasionally for similar pa- 
tients with intrathoracic bleeding, we have used the 
conventional midsternotomy incision ( Fig. 2 III). This in- 
cision, with the addition of an oblique or horizontal neck 
incision, if needed, provided good exposure for repair 
of wounds for all cervical and thoracic vessels except 
the descending aorta or branches of pulmonary artery.* 
Thus the trap door incision (anterolateral thoracotomy, 
upper midsternotomy and lower neck incision) has the 
advantage that it can be extended to gain access to al- 
most all great vessel wounds but is associated with greater 
morbidity to the patient and is more time consuming for 
the surgeon. The midsternotomy incision, on the other 
hand, is ‘quicker to perform, is less crippling, but is not 
as versatile as the trap door and does ‘not provide ex- 
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Fic. 3. Local temporary 
A. Of 


Of the first portion of the 
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posure for the descending aorta and branches of the pul- _ 


“monary artery unless an anterolateral thoracotomy in- 


cision is added. For this reason, when a great vessel 
injury is suspected, arteriography should be performed 
whenever possible, to define the site of the injury and 
select the proper incision for the most effective repair 
of the wound. The best exposure for most of the intra- 
thoracic arterial wounds documented by angiography, 
except the descending aorta, is obtained through a mid- 
sternotomy incision. Wide prepping and draping of the 
thorax and neck so that the thoracotomy incision can be 
extended if needed, good lighting; good exposure; ade- 
quate assistance; effective suction; sufficient blood for 
transfusion (or the use of intraoperative autotransfusion ); 
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and the intraoperative monitoring of blood gases and 
pH are essential for the success in the repair of great 
vessel injury. The repair of vascular wound can be per- 
formed after tangential clamping of the involved vessels 
or after their cross clamping with or without some form 
of bypass. When cross clamping of the ascending aorta 
is required for the repair of an aortic vascular wound 
or an aorta-cardiac or aorta-pulmonary fistula, total 
cardiopulmonary bypass should be utilized. When the 
descending aorta needs to be cross clamped for the re- 
pair of a wound, temporary external local shunt should 
be instituted to protect the spinal cord from ischemic in- 
jury! ? (Fig. 3A). Repair of carotid or innominate artery 
wounds should be done with either an internal or more 
frequently, external temporary shunt (Fig. 3B). The ex- 
ternal shunt is made of standard arterial cannulas con- 
nected by plastic perfusion tubing primed with hepari- 
nized saline solution®"* (Fig. 4). 

The need for resection of 5-10 mm arterial wall from 
the free margin of the vascular wound damaged by high 
velocity missiles is controversial® and it should be done 
only if feasible, if the wound is not potentially contami- 
nated and if the restoration of the vascular wall continu- 
ity will not require prosthetic graft. In three of our cases 
with a bullet wound of the aorta the injury was repaired 
without debridement of the aortic wound and healed 
without aneurysm formation. This experience lends sup- 
port to previous experimental observation that damaged 
media and intima when accurately approximated heal 
without complications.* 
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^* phenomena lead to pulmonary vasoconstriction and peripheral 
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exposed to a glass bottle of the kind that was illustrated, I should 
think that this would immediately set up coagulation through the 
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to activate a whole series of things, including the kinins, the 
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clotting mechanism, plasmin, and so on. I can see many disad- 
vantages to this. 

But one can't argue with success. This is a tremendously suc- 
cessful series of cases, But have you done any coagulation studies, 
and are you satisfied that the piece of equipment you showed for 
use in the operating room really is satisfactory in actual practice? 


Dr. P. N. SvMnas (Closing discussion): First, I want to thank 
Dr. Clowes for his kind questions which, incidentally, are similar 
to those that we rose before 1967, when auto transfusion from 
hemothorax was performed at Grady Memorial Hospital, seldomly 
and only as a last lifesaving effort. Then, after the search of the 
literature failed to answer our questions: a. what was happening 
to the components of the blood used for autotransfusion; and, 
b. what were the over-all effects of the procedure upon the 
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recipient—hemothorax was induced in dogs by bleeding one 
quarter of their blood volume from the femoral artery into the 
pleural space through a plastic tube. After the blood was left in 
the pleural space for 45 minutes to six hours, it was drained 
through a chest tube into a chest bottle containing 100 ml of 
sterile normal saline solution. The obtained blood in the chest 
bottle was then autotransfused through a blood administration set. 
Determinations of hematocrit, platelet count, plasma fibrinogen, 
and free plasma hemoglobin were performed upon the following 
specimens: arterial blood before the bleeding (control), from the 
hemothorax before it was drained, from the chest bottle before 
autotransfusion, and from arterial blood immediately after auto- 
transfusion. These studies were repeated upon femoral blood on 
day 1, 3 and 5 later. 

None of the autotransfused dogs manifested any side effects 
or showed at autopsy any abnormality attributable to the auto- 
transfusion. The platelet count and plasma fibrinogen levels in the 
hemothorax and chest bottle were markedly decreased to 6-10% of 
normal levels. This finding answered the question as to why the 
blood drained from the hemothorax could be autotransfused with- 
out the addition of an anticoagulant. Both the platelet count and 
the plasma fibrinogen after autotransfusion returned to control 
levels. 

After the demonstration of the safety of autotransfusion from 
hemothorax in dogs with this technique, the same autotransfusion 
technique was utilized in patients with traumatic hemothorax and 
in the first eleven of them, the same studies were performed. 
Again, none of these patients manifested any ill effects attributable 
to the autotransfusion and the alteration of the studied coagulation 
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factors and of the other blood components were quite similar to 
those observed in the dogs. These alterations, incidentallv, are not 
greater than those observed in the stored bank blood. Since the 
completion of these studies, this autotransfusion technique has 
been routinely employed in all patients with traumatic hemothorax 
at Grady Memorial Hospital, and we have seen no side effects 
from it. The average amount of autotransfused blood in more 
than 500 autotransfused patients has been about 1800 ml. If 
larger quantities of blood, however, are autotransfused either with 
this technique, which we call extraoperative autotransfusion or 
intraoperative with the use autotransfusion pump, coagulation 
abnormalities of the recipient should be anticipated, and we 
should be prepared to detect and correct them accordingly. 
Before I close my remarks, I want to cover one additional point 
which was not covered in the text and that is which patients with 
carotid artery injury should undergo repair of the wound. This 
question is somewhat controversial and its answer is not clear. The 
presently available information suggests that the patients without 
preoperative neurologic deficit should undergo repair and those 
with profound neurologic deficits should have ligation of the carotid 
artery since the risk of hemorrhagic infarction after revasculariza- 
tion in this group of patients is prohibitive. In the patients with 
carotid artery injury and persistent less severe neurologic dysfunc- 
tion, as manifested by paresis, after the coexisting hypotension is 
corrected, however, it is not clear what course of action should be 
taken. Perhaps in these patients, repair of the wound should be 
undertaken as we presently practice since the risk of fatal post- 
operative hemorrhagic infarction in these patients appears to be 
only slightly increased and the repair may in fact be curative. 
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DESCRIPTION DEXON” polyglycolic acid 
Suture — Synthetic, Absorbable is a 
homopolymer of glycolic acid. The sutures are 
sterile. inert, noncollagenous, nonantigenic, 
nonpyrogenic, flexible, braided, undyed, with 
a natural beige color. They are uniform in size 
and tensile strength, but are smaller in 
diameter than Absorbable Surgical Sutures of 
equivalent tensile strength. 


ACTIONS When DEXON is placed in tissues a 
minimal tissue reaction occurs, which is 
followed by a microscopic layer of fibrous 
connective tissue which grows info the suture 
material. Animal studies (subcutaneous tissue 
in rats, rabbits and dogs) revealed minimal 
absorption at 7 to 15 days, significant 
absorption at 30 days, and maximum 
resorption after 60 to 90 days. Tensile strength, 
not being a function of the absorption rate, 
may vary from tissue to tissue, depending in 
part on the rate of hydrolysis. The early tensile 
strength of DEXON is reported to be greater 
than that of comparable chromic catgut. In 
animal studies (subcutaneous tissue of rats, 
rabbits and dogs) there occured a 30 to 
50% loss of initial tensile strength in one week 
and 60 to 8096 loss in two weeks, at which time 
as in the case with chromic catgut no useful 
residual tensile strength remains. 


INDICATIONS DEXON sutures are indicated 
whenever absorbable sutures and ligatures 
are employed, provided that extended 
approximation of tissues is not required or 
where undue postoperative tension or stress 
is not anticipated. DEXON is also indicated 
where non-absorbable sutures are used for 
their characteristic lack of tissue reaction. 


CONTRAINDICATIONS DEXON is 
contraindicated where extended 
approximation of tissues under strain must be 
maintained. 


WARNINGS The safe use of this suture in 
cardiovascular, neural and ophthalmological 
surgery has not been established. Under 
certain circumstances, notably orthopedic 
procedures, immobilization by external 
support may be employed at the discretion 
of the surgeon. Do not resterilize. Discard 
opened, unused sutures. 


PRECAUTIONS Acceptable surgical practice 
should be followed with respect to drainage 
and closure of infected wounds. DEXON 
suture knots must be properly placed to be 
secure. Therefore, place first throw in precise 
position for final knot, using a double loop. 
tie second throw square using horizontal 
tension; additional throws may be used as 
desired. Skin sutures which remain in place 
for periods of longer than seven days may 
cause localized topical imitation and the 
extended portion of suture may be snipped 
off after five to seven days, as indicated. 


ADVERSE REACTIONS Those reactions that 
have been reported include tissue reaction 
or inflammation, fibrous or granulation tissue, 
wound separation and bleeding and 
accumulation of fluid around subcuticular 
stitches. 


DOSAGE AND ADMINISTRATION Use as 
required. Do not resterilize. Discard opened, 
unused sutures. 


HOW SUPPLIED Suture sizes 6-0 through 1. 
Supplied in cut lengths or ligating reels, 
non-needled or affixed to the various 

DAVIS + GECK ATRAUMATIC® needles in three 
dozen packages. Rev. 6/73 
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The best salesmen for 
DEXON ‘polyglycolic acid suture 
don't work for us. 


They're the surgeons who use it. 


Surgeons in 60 countries 
have used DEXON sutures 
successfully in nearly every 
kind of surgical procedure. 
To date, these procedures 
number over 10,000,000. 


Not only do surgeons use 
DEXON. Many leaders in the 
field are writing about it 
There are currently over 100 
published clinical studies on 
DEXON. 


So you don't have to take 
our word on the superiority of 
DEXON. There are thousands 
of surgeons who can tell you 
even more than we can. 
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Roche announces 

a significant contribution 
to the management 

and diagnosis of cancer 


CEA-ROCHE 


C arcinoembr ) NIC Antizen ASSAY 





04A 


the discovery of carcino- 
engbrvonic antigen 


The term carcinoembryonic antigen 
(CEA) was first used in 1965 by 
Gold and Freedman of the Montreal 
General Hospital to describe a glyco- 
protein which is a constituent of the 
glycocalyx of embryonic entodermal 
epithelium; it is also present in 
extracts of carcinoma cells? 

The embryonic gene responsible 
for CEA synthesis is expressed by 
many carcinoma cells; however, 
preliminary experiments suggest 
that the amount of CEA in different 
carcinomas varies, indicating gene 
expression is not an all-or-none 
phenomenon.’ * 


As the carcinoma disrupts the 
normal tissue architecture, cells 
penetrate the underlying tissue, and 
glycocalyx components including 
CEA enter the vascular system. 


In 1974 the estimated incidence of new internal cancer cases in the United 
States will reach approximately 655,000 persons. Moreover, within this 
year 355,000 Americans will die of malignancy, a large portion of which 

is potentially curable. Survival trends are inversely related to the extent 
of the disease— the less involvement, the better the chances of therapeutic 


success. 


This problem of detecting cancer has long absorbed researchers. Now, ten 
years after the basic investigations were begun, the blending of the 
sciences of immunology and radiochemistry has resulted in... 


CEA-ROCHE 


C arcinoembryonic A vtigen A584) 


A new i vitro test to aid in the 


management and diagnosis 


of cancer 


Diagrammatic representation of microscopic 
section of fetal colon. CEA is present in 
glycocalyx which faces lumen of colon. 


: C3 Ce hdi E. 
^ a EE tumor 
Cz reer "M. associated 
EN antigen 
malignant | 
cells 





~~ and/or 
lymphatic vessel 


Diagrammatic representation of primary 
adenocarcinoma of colon. As underlying 
tissue is invaded by tumor cells, CEA is 
released and diffuses into the vascular bed. 
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along-term commitment 
to cancer research 


Roche has long had a serious com- 
mitment to cancer research which 
has resulted in the development of 
such important chemotherapeutic 
agents as Fluorouracil (5-fluoro- 
uracil), FUDR (floxuridine), 
Efudex*(fluorouracil) and 
Matulane® (procarbazine HCl)? 


Working in conjunction with the 
original Canadian researchers and 
with investigators at over 100 lead- 
ing medical centers and research 
institutions throughout the United 
States, England and Canada, Roche 
Research has adapted, refined and 
evaluated this test for carcinoem- 
bryonic antigen (CEA) found in a 
variety of cancerous and noncan- 
cerous states. 


CEA-ROCHE, a radioimmuno- 
assay, employs the Hansen Z-gel 
method which is capable of detect- 
ing and measuring plasma levels of 
CEA in the nanogram (one billionth 
of a gram) range. The sensitivity of 
the assay has been shown to be 

0.5 ng/ml of CEA ^ 


- > 


~ 


an extensive clinical 
evaluation 


During the initial studies with CEA, 
it became clear that in order to 
obtain the reproducibility necessary 
to make the CEA assay an important 
and reliable diagnostic tool, strict 
standardization of procedure and 
reagents was required. Therefore, 
Roche embarked upon a unique 
investigational program. More than 
35,000 assays using standardized 
CEA-ROCHE reagents and proce- 
dure were run on samples from over 
10,000 patients at over 100 leading 
medical centers and research 
institutions. Identical protocols and 
reporting methods were also 
utilized, thereby subjecting the 
CEA-ROCHE assay to one of the 
most thorough and well-controlled 
evaluations made on a diagnostic 
test. 


Using the CEA-ROCHE assay, 
elevated CEA titers have been 
detected in carcinomas of ento- 
dermal and nonentodermal origin; 
in noncarcinomatous malignancies; 
in such nonmalignant diseases as 
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emphysema, inflammatory bowel 
disease and colorectal polyps; gnd 
in some healthy individuals, par- 
ticularly chronic smokers. The 
following data were derived from 
these studies!!! 
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CEA-ROCHE as an 
aid in the management 
of cancer 


When used in conjunction with other 
tests in the diagnostic armamen- 
tarium, this highly sensitive and 
quantitative radioimmunoassay has 
been shown to be useful as an aid 

in the management of the cancer 
patient 


* by monitoring the effects of 
surgery, radiotherapy and 
chemotherapy, 


* by providing a basis for 
re-evaluating therapy, 


* by determining the probable 
presence of metastatic disease, 

* by providing an early indica- 
tion of the recurrence or pro- 
gression of malignant disease. 


Decreases in CEA titers were 
reported to be associated with 
effective therapy.'?''? Serial deter- 
minations of CEA proved to be of 
value in assessing the condition of 
the patient during therapy. ^5 !8 
Persistent increases in titer were 
associated with a lack of response 

to therapy or a recurrence of disease; 
in some cases, the titer rise preceded 


CILA-ROCHE 


C ATFCINOEMDrYONIC Annticen USSU) 


Clinical applications 
Limitations 


clinical signs by as much as three 
months.*?? Except for primary 
pancreatic and colorectal carcinoma, 
titers above 20 ng/ml were, with 
very rare exceptions, associated 
with the presence of metastatic 
disease?? However, metastatic 
disease may also occur when the 
CEA titer is below 20 ng/ml. 


CEA-ROCHE as an 
aid in the diagnosis 
of cancer 


The CEA-ROCHE assay has also 
been shown to be of value as an aid 
in cancer diagnosis. When used as 
an adjunct to other tests and proce- 
dures, the CEA-ROCHE assay has 
proven to be most useful 
* in patients with signs, symp- 

toms and clinical history 

suggestive of a diagnosis 

of cancer, 


* in patients with such diseases 
as ulcerative colitis, pulmonary 
emphysema, alcoholic cirrhosis 
and gastric and duodenal ulcers 
in which the risk of developing 
cancer is greater than in the 
corresponding normal 
population. 


These nonmalignant inflammatory 
diseases in their active state may 
give rise to CEA titers above 

2.9 ng/ml. These titers usually 
drop below 2.5 ng/ml when these 
diseases are in remission!” 2022 


In a special study of 883 patients, 
cigarette smoking with titer eleva- 
tions were associated with atypical 
sputum cytology.? Decreases in CEA 
titer often occurred within 30 to 

60 days after cessation of smoking. 


It must be stressed that test results 
and data arrived at using the 
CEA-ROCHE assay cannot be 
compared with results obtained by 
any other method or reagents. 


limitations of 


CEA-ROCHE 


CEA-ROCHE is not recommended 


as a screen to detect cancer. CEA | 
titers are not an absolute test for 


me 


malignancy, nor fora specific type ~ _ 


of malignancy. In the management 
and diagnosis of the patient sus- 


pected or known to have cancer, 

all other tests and procedures must 
continue to be given emphasis. 
CEA titers less than 2.5 ng/ml are 
not proof of the absence of 


malignant disease. 


representative case 
history of patient being 
treated for malignancy 
without known 
metastases 


Positive à 


sy 
at 9 months 


1 2 3 4 5 6 7 8 
Months Posttherapy 


A 42-year-old woman presented 
with a squamous-cell anal carci- 

- noma. CEA-ROCHE level at time of 
surgery was 0.6 ng/ml. CEA titer 
rose to 12.6 ng/ml 10 days later 
and was still 9.8 ng/ml 20 days 
after surgery. Upon discharge three 
months later CEA level was 
4.1 ng/ml and there was no clinical 
evidence of disease. Six weeks 
later titer had risen to 8.8 ng/ml 


and then to 9.3 ng/ml after another 
30 days without any clinical sign of 
disease. Patient was hospitalized 
three months later and biopsy was 
positive for recurrence of cancer. 

In spite of initial low CEA value 
preoperatively, titer levels accu- 
rately reflected patient's condition 
and gave evidence of recurrence 
some 4 months prior to clinical 
signs. 


representative case 
history of patient being 
treated for malignancy 
with metastases 





X-ray 
10 revealed new 
lesions 
9 
8 Chemotherapy 
~ initiated 
a Reappearance 
6 of lesion; 
E chemotherapy 
S5 reinstituted No clinical 
A he change noted 
O 4 
3 50% tumor 
reduction 
2 
i Patient gained weight 
and worked regularly 
0 AN. -— 


3 4 5 6 7 8 
Months Posttherapy 


9 10 11 


Chemotherapy was initiated ina 
37-year-old man presenting with 
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synovial sarcoma and metastases to 
the lungs. The first CEA-ROCHE 
titer was performed three months 
later. Titer level was 6.2 ng/ml. In 
six weeks CEA titer dropped to 

3.0 ng/ml and a 50% reduction of 
tumor in the right upper lobe of the 
lung was noted. One month later 
titer rose to 4.6 ng/ml and there was 
a reappearance of a left upper 

lung lesion. 


Chemotherapy was reinstituted and 
assays run at 2, 3, 5, 12 and 20 
weeks. There was no change in 
radiologic appearance of metastases. 
Patient gained weight and worked 
regularly. The CEA titers during 
this period were 3.8, 0.0, 0.5, 0.0 
and 4.6 ng/ml respectively. One and 
one-half weeks later, CEA titer rose 
to 10.0 ng/ml and a review of 

x-ray films revealed appearance of 
new lesions. 


The above representative case 
histories, using actual CEA-ROCHE 
titer readings and timing of assays, 
illustrate the correlation of results 
with published clinical studies. 
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availability of 
CEA-ROCHE 


The CEA-ROCHE ‘assay may be 
obtained through your hospital, 
institutional and private clinical 
laboratory obtaining the necessary 
reagents and procedure in a kit 
developed by Roche Diagnostics or 
as a direct reference service of 
Roche Clinical Laboratories, Inc. 


And, as with all our pharmaceutical 
agents, this assay may be obtained 
for your patients who are unable to 
afford it through the Roche Indigent 
Patient Program. 


CEA-ROCHE 


C arcinoembryonic Å vtigen assay 


A significant contribution to the 
management and diagnosis of cancer 


comprehensive 
information available 


Because of the clinical significance 
of CEA-ROCHE and the critical area 
of medicine involved, a compre- 
hensive Clinical Monograph con- 
taining in-depth information on the 
nature of the assay, its applications 
and interpretation as well as an 
extensive summary of the collabora- 
tive study has been prepared. 


It is recommended that this brochure 
be consulted before ordering or 
interpreting the CEA assay. You 
may obtain a copy by completing 
and returning the coupon below. 
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Thoraco-Abdominal and Abdominal Aortic 


Aneurysms Involving Renal, 


Superior Mesenteric, and Celiac Arteries 


The treatment of 23 consecutive patients with thoraco- 
abdominal aortic aneurysms and abdominal aortic aneurysms 
involving the renal, superior mesenteric, and celiac arteries 
is analyzed. Emphasis is placed on surgical technique which 
was dependent upon the location and extent of aneurysm, 
the nature of the aneurysm, and the period of treatment. 
The aneurysm was syphilitic in origin and sacciform in two 
patients involving the posterior circumference opposite renal, 
superior mesenteric, and celiac arteries. In these cases, the 
aneurysmal sac was simply excised and the defect closed 
with a Dacron patch through abdominal incision. The aneu- 
rysm was arteriosclerotic and fusiform in 16 patients involv- 
ing the major visceral vessels. Early in the experience, 
treatment consisted of inserting bypass graft and then 
reattachment of involved branches to side-arm tube grafts 
arising from the bypass. In the majority of cases, treatment 
consisted of insertion of the graft inside the aneurysm and 
reattachment of visceral branch origins directly to an opening 
in the graft wall. Thoraco-abdominal incisions were em- 
ployed when both the thoracic and abdominal aortic seg- 
ments were involved. Operation was confined to the abdomen 
when only the abdominal aortic segment was involved. The 
aneurysm involved only the renal arteries in 5 patients 
treated by variations of the above procedures. Of the 23 
patients treated, 22 survived and did well for periods up 
to 13 years, indicating the feasibility of safe therapy 
employing simpler techniques than generally advocated. 


NEURYSMAL DISEASE OF THE AORTA rarely involves the 
A segment of abdominal aorta from which the renal, 
superior mesenteric, and celiac axis arise. When these 
vessels are involved, the aneurysm may be thoraco- 
abdominal, involving segments of varying length of 
the descending thoracic aorta and abdominal aorta, or it 

may be truly abdominal in location, being confined to 
the aortic segment below the diaphragm involving one 
or more of these arteries. These aneurvsms pose the most 
difficult challenge to treatment owing to the difficulties 
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of exposure, the need to minimize the period of visceral 
organ ischemia required for operation, the technical prob- 
lem of aortic and arterial reconstruction needed for per- 

manent restoration of circulation, and control of hemor- 
rhage both during and after operation. 

Apparently, due to the relative rarity of these lesions, 
there are few reports on their successful treatment; how- 
ever, there is general agreement as to their serious na- 
ture. The only report (42 cases) other than a few case * 
reports is the pioneering experience of DeBakey and 
associates.* The mortality in this series was 26% and was 
related to age and associated disease inasmuch as 
younger patients without associated disease survived in 
about 90% of cases. This mortality, however, is higher 
than that for treatment of simple abdominal and thoracic 
aortic aneurysms in a similar patient population, indi- 

cating that the magnitude of surgical treatment is the 

major factor in mortality. During the past 13 vears, the 
author has treated 23 patients of this tvpe, utilizing tech- 
niques in the more recent cases which reduce the extent 
of operation and have been associated with a low mor- 
tality (1 death). Accordingly, this report is concerned 
with certain changes in pathologic concepts, the needs 
for reconstruction, requirements for visceral organ sup- 
port during operation, surgical techniques, and results of 
therapy. 


Clinical Material 


There were 19 males and 4 females in the series. The 
ages ranged from 36 to 83 vears with 1 in the fourth, 5 
in the fifth, 3 in the sixth, 11 in the seventh, 2 in the 





Fic. 1, Removal and graft replacement thoraco-abdominal aortic 
aneurysm involving distal thoracic and abdominal aorta and iliac 
° arteries three years after removal of proximal two-thirds of the 
descending thoracic aorta using Type I operation. 


eighth, and 1 in the ninth decades of life. The etiology 
of aneurysm was trauma in 1, syphilis in 2 dissecting in 
3, and degenerative or atherosclerotic in 17 patients. The 
aneurysm involved both the thoracic and abdominal 
aortic segments in 12 patients with almost the entire de- 
scending thoracic aorta and abdominal aorta in 6. The 
aneurysm was abdominal in location in 11 patients, in- 
volving only the renal arteries in 5 and involving renal, 
superior mesenteric, and celiac axis in 6 patients. All 
aneurysms were symptomatic with back, chest, or ab- 
dominal pain being the commonest complaints. Proximal 
segments of the descending thoracic aorta had been re- 
moved previously in 3 patients for aneurysm, and 2 pa- 
tients had had infra-renal aortic replacement for rup- 
tured aortic aneurysm. The presenting aneurysm had 
ruptured into adjacent structures in 4 patients and freely 
into the peritoneal cavity in 2 patients. Operation was 
performed to relieve pain, prevent rupture, or treat rup- 
ture in these cases. 


CRAWFORD 
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Surgical Technique 


The technique of operation varied with the location, 
nature, and extent of aneurvsm and with the period of 
operation and is discussed accordingly. 


Fusiform Aneurysm Involving Renal, Superior 
Mesenteric, and Celiac Axis 


Early in the experience in treating aneurysms involving 
all the adbominal visceral arterial branches in 4 patients, 
the aortic graft (woven Dacron) with appropriately at- 
tached side-arm 8 mm knitted Dacron tubes for anasto- 
mosis to the involved arteries was inserted first as a 
semi-bypass graft through thoraco-abdominal exposure, 
delaying visceral arterial blood flow interruption as long 
as possible.* The grafts were inserted end-to-side or end- 
to-end distally to the iliac or femoral arteries first on one 
side. The aortic end of the graft was attached end-to-end 
to the transected proximal thoracic aorta above the 
aneurysm; and with blood flowing through the aortic 
graft into the leg and aneurysm (in most cases), the 
other distal or iliac limb or graft was attached and blood 
allowed to flow through it. The left renal artery was then 
attached to the appropriate side-arm graft, permitting 
flow to the left kidney. The aneurysm was then removed 
and right renal, superior mesenteric, and celiac axis were 





À. b. 


Fic. 2. Removal of thoraco-abdominal aneurysm involving distal 
thoracic and abdominal aorta and common iliac arteries six vears 
after removal of proximal three-fourths of the descending tho- 
racic aorta using Type I operation. A cuff of aorta from which 
two large lumbar arteries arose was preserved during resection 
and sutured to aortic graft to avoid spinal cord ischemia. 
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dissected from adjacent structures and attached in this 
order end-to-end to side-arm grafts, 
; tion successively in these vessels { 


restoring circula- 
Figs. 1, 2). Operation 
by this technique i is referred to as Tvpe I operation. 

Later in this series, operation in 12 patients either with 
thoraco-abdominal or abdominal aneurysm with involve- 
ment of renal, superior mesenteric, and celiac axis was 
simplified by employing a technique refered to as Type 
II operation. The left posterio-lateral aspect of the 
aneurysm and normal segments above and below the 
aneurysm were exposed with very minimal dissection 
(Figs. 4c, 5d). Using electrocautery, the left posterior 
gutter peritoneum was incised and the retroperitoneum 
entered. The spleen, stomach, body and tail of pancreas, 
left colon, and kidney were reflected medially only 

7 enough to expose a small part of the posterior lateral 
circumference of the aneurysm. Clamps were placed 
above and below the aneurysm; and with aortic blood 

flow in the aneurysm arrested, the aneurvsm was incised 

longitudinally at a level 3 

of the left renal artery (Fig. 3a). 
aneurysmal 


centimeters behind the origin 


The cut ec dges of fie 
wall were retracted with stay 


sutures and 





Fic. 4a. (See legend on next page. ) 






3b). 
and lumbar arterial orifices were 
either sutured or preserved for reattachment to aortic 
graft. The orifices of the renal, superior mesenteric, and 
celiac axis were identified and cleared of clot but not 
clamped because retrograde bleeding was minimal and 
prevented distal thrombosis. Atherosclerotic lesions par- 
tially completely occluding these vessels were re- 
moved by endarterectomy. One end of an appropriately 
fitting woven Dacron tube was sutured from inside with 
continuous Dacron suture to the aorta above the aneu- 
rvsm, carefully incorporating all layers of the proximal 
aorta in the suture (Fig. 3b). With the Dacron tube in 
appropriate downward tension, an elliptical segment of 


contained clot removed (Fig. 
cluded 


Bleeding non-oc- 
intercostal 
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Fic. 3. Diagrams of case illustrating method of Type II cperation 
in patient with aneurysm involving distal thoracic and abdominal 
aorta and common iliac arteries (a) including origins of all vis- 
ceral branches. The aneurysm (a) is incised longitudinally behind 


the left renal artery and (b) the edges of the aneury sm are re- 
tracted to expose the origins of the branches of the abdominal 
aorta. The proximal end of aortic graft is first inserted; then, an 
oval opening is made in the graft and one edge of the graft open- 
ing is sutured to aneurysm wall behind the origin of celiac, su- 
perior mesenteric, and right renal arteries. The other edge of 
graft opening (c) is sutured anteriorally around the origin of 
these vessels; and after an appropriate opening is made in the 
graft, the left renal artery orifice is attached directly to the graft. 


The iliac limbs of graft are attached (d), 


completing vascular 
reconstruction. 


the anterior medial part of graft circumference was re- 
moved, leaving an opening large enough to suture around 
that part of aortic wall containing the origins of the right 
renal, superior mesenteric, and celiac axis. First the pos- 
terior edge of graft opening was sutured from inside of 
graft to aorta behind the origin of the vessels (Fig. 3b), 
and then the anterior edge was sutured to aorta outside 
the graft anterior to the origin of the vessels (Fig. 3c). 
Care was taken to place the suture line as close as pos- 
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sible to the origin of the vessels without producing ob- 
struction which was checked by intermittently placing 
a probe into the vessel orifices as the suture line was 
being made. Suturing in this manner left very little 
weakened aorta behind in contact with graft lumen. 
After flushing the graft, a clamp was placed across the 
graft just distal to this suture line and flow restored in 
these three vessels. Distal graft attachment was made 
to the aorta, iliac, or femoral arteries as extent of dis- 
ease required and flow restored into the pelvis anc lower 
extremities. The orifice of the left renal artery wes then 
attached to the side of the aortic graft ( Figs. 3c, d :. First 
the involved aortic wall was wrapped over the graft to 
determine proper location for anastomosis. A segment of 
graft wall was excluded with clamps, either partially oc- 
cluding or complete cross clamping, an elliptical segment 
removed, and by continuous suture, the left renal artery 
orifice was sutured to graft as just described. The clamps 
were removed and blood flow restored to all structures. 
The aneurysm wall was sutured around the graft aad the 
peritoneal gutter reconstructed by continuous sutare of 
peritoneum (Fig. 5m). Shunts and bypasses were not 
used in these operations. 

Operation was performed through a long midline ab- 
dominal incision with the patient lying in the supine po- 
sition, thus confining operation to the abdomen in those 
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patients in whom the aneurysm did not extend above the 
diaphragm (Fig. 4c). When the aneurysm did extend 
above the diaphragm, a thoraco-abdominal incision was 
employed as in Type I operations by placing the patient 
in a rotated position so that the abdomen and pelvis were 
neatly in the supine position and the thorax nearly in a 
position of 45 degrees anterior rotation. In this position 
the appropriate inner space was entered and the in- 


cision extended into the abdomen across the costal arch 


into a long midline abdominal incision. Retroperitoneal 
and posterior mediastinal exposure was obtained as de- 
scribed above with the additional cutting of the dia- 
phragm (Fig. 5d). 

This technique in the two most recent cases has been 
modified only to the extent that the individual orifices 
of the renal, superior mesenteric, and celiac axis were 
sutured to individual circular openings made in the graft 
as described above for the left renal artery, therehy in 
effect excluding all of the weakened aortic wall (Figs. 
4, 5). This technique is referred to as Type III operation. 


Syphilitic Aneurysms 


There were two aneurysms of syphilitic origin in this 
series of 23 cases (8.62). Characteristically, the aneurysm 
in both instances was sacciform in nature and arose op- 
posite the origin of the superior mesenteric and celiac 
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Fics. 4a-g. Illustrations of Type III operation in patient with hypertension, intermittent claudication, and tender pulsatile upper 
abdominal mass. Aortogram (a) and diagram (b) show abdominal aortic aneurysm extending from just below diaphragm to above 
bifurcation involving all visceral vessels. The left renal artery is completely occluded and the left kidney is infarcted and shrunken. 
Both common iliac arteries are partially occluded. Exposure is obtained through a long midline abdominal incision and retraction of 
abdominal viscera to the right after incising the peritoneum along the left gutter (c). A longitudinal incision is made behind the 
origin of left renal artery (d) and the aneurysm edges are retracted and the origin of vessels exposed (e). After attaching the proxi- 
mal end of aortic graft (e), appropriate openings are made in graft and origins of vessels except left renal artery are sutured directly 
to graft (insert f). The infarcted left kidney is removed. The iliac limbs of graft (g) are attached distally, completing arterial 
reconstruction. 
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axis involving only the posterior half of aortic circumfer- 
ence. Surgical treatment in both cases consisted of ex- 
posure through an abdominal incision as in a Tvpe II 
or III operation (Fig. 4c). The aneurvsm was excluded 
from aortic circulation by placement of clamps accross 
the aorta below the renal arteries and above the aneu- 
rysm in the region of the aortic diaphragmatic hiatus 
(Fig. 7c). The aneurysms were entered, clots removed, 
aneurysmal tissue trimmed from normal aorta, and aortic 
defect repaired by insertion of oval patch grafts made of 
knitted dacron fabric using continuous dacron sutures 


(Fig. 6). 


Aneurysms Involving Only Renal Arteries 


The aneurysm was fusiform in nature located in the 
distal abdominal aorta and involved the origin of one 
or both of the renal arteries in five patients (21%) in this 
series. In one patient aneurysmal disease extended out 
into both renal arteries to the origin of the primary 
branches, causing complete obstruction in one and partial 
obstruction in the other artery (Figs. 7a, c). This patient 
had severe hypertension, abdominal pain, and abdomi- 
nal tenderness. Operation in this case was made through 
a long midline abdominal incision (Fig. 7b). The aneu- 
rvsm was exposed by retracting small bowel and duo- 
denum and incising the posterior peritoneum as is 
routinely done in patients with resection of infra-renal ab- 
dominal aortic aneurysms. The upper limits of aneurysm 
located just distal to origin of superior mesenteric artery 
was exposed by retracting the left renal vein inferiorally. 
The distal end of the left renal artery aneurysm was ex- 
posed as in operations for left renal artery bypass or 
endarterectomy for occlusive disease. To avoid superior 
mesenteric artery damage, the aorta was clamped proxi- 
mally after being mobilized above the celiac axis in the 
region of the aortic hiatus of the diaphragm by splitting 
the right margin of the esophageal hiatus vertically and 
dissecting out the aorta with blunt dissection using the 
index finger to avoid perforation and tearing posterior 
branches (Fig. 7c). The iliac arteries were clamped and 
the aneurysm entered through a full-length longitudinal 
incision placed anteriorally. Clots were removed and a 
woven tubular graft was inserted inside the aneurysm 
as described above in the Type II operation (Fig. 7d). 
After blood flow was restored in the aorta, the left renal 
aneurysm was incised longitudinally; and one end of an 
8 mm knitted Dacron graft was sutured to the distal renal 
artery and then the other end sutured to the aortic graft 
using partial occlusion clamps and continuous Dacron 
suture (Fig. 7e). The right kidney was found to be 
atrophic and was remov ed. The aneurysm wall and pos- 
terior peritoneum were then closed around the graft 
completing operation (Fig. 7f). 

Procedures employed in the other cases were either 





Fic. 5a. (See legend on next page. ) 


those depicted in Figs. 8, 9, variations of the case pre- 
sented, or variations in cases in Figs. 8, 9. Regardless of 
technique of reconstruction, exposure and proximal and 
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Fic. 5a—o. Illustration of the Type III operation in patient with ruptured thoraco-abdominal aneurysm who had had previous right 
nephrectomy for renal artery occlusion and infra-renal aortic replacement for ruptured abdominal aortic aneurvsm. Aortogram (a) 
and diagram (b) made before operation showing extent of aneurysm and partial occlusion of left renal artery. The aneurysm is 
exposed retroperitoneally by thoraco-abdominal incision (c) and retracting abdominal viscera to the right (d). The aneurysm is 
incised longitudinally between clamps behind the left renal artery (e) and the edges of aneurysm retracted (f) exposing origin of 
visceral branches. The proximal aortic anastomosis (g) is made and then the origin of celiac axis is sutured directly to a circular 
opening made in the graft (h, i). Blood flow is restored into the celiac axis as tlie superior mesenteric artery is similarly attached (j). 
The left renal artery is then attached after endarterectomy (k) and reconstruction completed by suturing new graft to distal graft (1). 
Aneurysmal wall (m) is then sutured around the graft. Aortogram (n) made after operation showing graft in place with attached 
branches in posterior anterior projection. Aortogram (o) made after operation in lateral projection showing graft in place and 
attached visceral branches. 


LJ 
distal aortic blood flow control is the same as in the case 
presented. Reconstruction in the case depicted in Fig. 8 
is identical to that described above in the Type III op- 
ration whereas that in Fig. 9 is related to that in both 
the Type II and Type III operation. The origin of renal 
artery is detached from the aneurysm bv removing a 
button of aneurvsm wall containing the renal artery ori- 
fice. This is attached to an oval opening of the dacron 


graft by continuous suture incorporating the entire patch 
leaving only renal artery orifice and lumen exposed to 
pressure of blood flow. 


Spinal Cord Ischemia 


tion in these cases evident by the fact that this complica- 
tion occurred in one patient in this series. The proximal 
two-thirds of the descending thoracic aorta had been 
removed three years before admission for dissecting 
aortic aneurysm. Subsequently, the distal aorta and iliac 
arteries, damaged by dissection, became aneurysmal and 
were resected for pain using Type I operation (Fig. 1). 
Paraplegia in this case was considered to be due to the 
fact that cord blood supply had been permanently inter- 
rupted by ligation of all intercostal and lumbar arteries. 
Consequently, one or more of these vessels were reat- 
tached in the other patients in whom such extensive re- 
sections were performed (Fig. 2). Reattachment was 
accomplished either by suturing a button of aorta from 


Permanent spinal cord ischemic damage manifested by 
lower extremity neurologic deficits is a real considera- 





which intercostal or lumbar arteries arose to the side 
of aortic graft or by interposing a very short segment of 
8 mm knitted Dacron graft from aortic graft to posterior 
aortic wall surrounding the origin of a pair of intercostal 
or lumbar arteries. 

The role of hypotension in the production of para- 
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plegia is extensively covered in previous publications 
and will not be elaborated here except to again empha- 
size the necessity of avoiding hypotension both during 
and after operation.?? This problem is well illustrated by 
one patient in this series who recovered well from opera- 
tion only to develop paraplegia during a period of hypo- 
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tension. Fortunately, the hypotension from cardiac ar- 
rhythmia was immediately corrected and the neurologic 
deficit subsided in about 30 minutes. 


Results 
Among the 23 patients in this series, only one patient? 
died and this was one of the four patients in whom the 
Type I operation was employed. Death in this case was 


Fic. 6. Diagram of treatment in 
patient with fusiform aneurysm 
involving infra-renal aorta and 
sacciform aneurysm involving 
posterior circumference of aor- 
tic wall behind celiac and su- 
perior mesenteric arteries. The 
former was replaced with tu- 
bular graft and the latter with 
patch graft. 
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Fics. 7a-f. Illustrations of patient with distal abdominal aortic 
aneurysm which involved both renal arteries causing complete 
obstruction on the right. Aortogram (a) and diagram (c) show- 
ing extent of disease. The aneurysm was exposed through long 
midline abdominal incision (b) and aorta clamped above celiac 
axis in hiatus of diaphragm. The iliac arteries were clamped and 
the aneurysm incised. The aortic graft was inserted inside the 
“aneurysm (d-e) and then left renal artery reattached (e) using 
8 mm. knitted dacron graft. Aortogram after operation (f) shows 
grafts in place and functioning. 
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due to multiple complications relating to surgical tech- 
nique and the extent of operation required for its ap- 
plication. Of the 22 survivors, 16 are alive and doing well: 
l for 13 years, 4 from 5 to 8 years, 9 from 1 to 3 vears, 
and 2 for more than 6 months. The cause of late death 
was ruptured false aneurysm in 2 patients after Type I 
operation, at 6 years in one and 13 vears in the other; 
myocardial infarction in 2 patients, at 2 months in one 
and 1 year in the other; uremia from pyelonephritis and 
bilateral staghorn calculi in 1 patient at 2 years; and 1 
from carcinoma of the lung at 3 vears. One patient de- 
veloped permanent w sales of the lower extremities fol- 
lowing operation which persisted until his death 6 years 
later from massive hemoptvsis (presumably from rup- 
tured false aneurysm into bronchus). Paraplegia oc- 
curred transiently for about 30 minutes 12 hours after 
operation during a period of hypotension in another pa: 
tient. As soon as the hvpotensive episode due to cardiac 
arrhythmia was corrected, the paraplegia subsided and 
the patient remains well. 

The results or extent of operation in terms of operating 
time, organ ischemia time, and blood loss as measured 
bv amount of blood replacement required varied with 
the type of operation emploved. The syphilitic sacciform 
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Fic. 8. Diagram showing recon- 
struction after removal of an- 
eurysm involving origins of re- 
nal arteries by direct suture of 
renal artery orifices to circular 
opening made in the graft as in 
Type III operation. 





aneurysms averaged 3 hours operating time and 2500 cc 
blood replacement for excision and patch graft replace- 
ment. Circulation was temporarily interrupted in the 
abdominal aorta and major visceral branches for 15 and 
20 minutes in these two cases. Replacement of abdominal 
aortic aneurysm involving only the renal arteries re- 
quired from 1 hour 30 minutes to 2 hours 28 minutes. 
Blood replacement requirements ranged from 500 to 
2500 cc. Interruption of renal artery circulation ranged 
from 22 to 53 minutes in these cases. The greatest and 
most significant difference in these factors varied with 
the type of operation employed in the treatment of pa- 
tients with fusiform aneurysms involving the aortic seg- 
ment from which all the major vessels arose. The average 
operating time and blood replacement requirements for 
Type I operations were 5 hours 25 minutes and 6250 cc 
whole blood respectively. Left renal artery ischemia 
ranged from 19 to 30 minutes and right from 39 to 50 
minutes. The average operating time for Tvpe II opera- 
tions ranged from 2 hours 20 minutes to 4 hours, averag- 
ing 2 hours 45 minutes. Visceral organ ischemia time 
ranged from 20 to 37 minutes and blood replacement 
requirements averaged 3000 cc. Type III operation re- 
quired an average of 3 hours 30 minutes and 3000 cc 
blood. The ischemia time was celiac axis 27 minutes, 
superior mesenteric artery 37 minutes, right renal artery 
49 minutes, and left renal artery 60 rainutes. 

There were neither transient nor permanent ischemia 
problems of the gastrointestinal tract, kidneys, and lower 
extremities in any of these cases, although periods of 
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temporary occlusion to these organs ranged from 19 to 
60 minutes. The cause of false aneurysm in the patient 
who died at exploration for rupture 13 years after the 
original operation was deterioration and fragmentation 
of silk suture used for the distal aortic anastomosis. The 
cause of false aneurysm in the other patient who died of 
massive hemoptysis at home and presumably from false 
aneurysm rupture probably was from silk suture failure 
also. 


Discussion 


The results of treatment in this series of cases are con- 
sidered similar to those obtained in the treatment of less 
complicated lesions of the aorta. The obvious reason for 
this is the fact that simple techniques were adopted in 
the treatment of these more complicated lesions (those 
involving renal, superior mesenteric, and celiac arteries ) 
early in this experience. The first four cases in this series 
were treated with Type I operation. From this small ex- 
perience, it became obvious that this big operation re- 
quiring long time for its extensive dissection, the compli- 
cated type of vascular reconstruction, and the associated 
blood loss could not be tolerated by the older patient or 
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Fic. 9. Diagram showing reconstruction after removal of aneu- 
rysm involving origin of renal arteries. A small circular island of 
aneurysm from which the renal arteries arise is excised (a) and 
sutured to circular openings made in the graft (b). All aneurysmal 
tissue is included in the suture producing direct renal artery 
anastomosis. 
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those patients with associated cardiac and respiratory dis- 
eases. To minimize these factors contributing to extent of 
operation, Type II operation was adopted as the prefer- 
able form of treatment. Despite the fact that shunts were 
not employed, the longer periods of temporary organ 
ischemia were well tolerated. Eliminating the major parts 
of the dissection required for Type I operation by ex- 
posure and reconstruction within the aneurysm and re- 
ducing blood loss both by this technique and by inclu- 
sion of grafts and arterial reconstruction tremendously 
reduced the magnitude of operation. Moreover, eliminat- 
ing the principle of insertion of the aortic graft first 
around the aneurysm as a shunt to be used subsequently 
as the permanent graft made it possible to individualize 
exposure in these cases. For example, Type II and III 
operations are confined to the abdomen when the aneu- 
rysm does not extend above the diaphragm whereas 
thoraco-abdominal exposure was routinely required when 
employing Type I operation. 

A theoretical disadvantage to Type II operation is the 
fact that the island of aneurysmal wall containing the 
origins of the right renal, superior mesenteric, and celiac 
arteries sutured to the side of the aortic graft also con- 
tains a small area of aneurysmal wall between the orifices 
of those vessels. Theoretically, this weakened area like 
aneurysmal wall is subject to later rupture. This fortun- 
ately has not occurred in this series of 12 cases with fol- 
lowup for 1 to 5 years. Nonetheless, these considerations 
have led to the application of the Type III operation in 
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two cases during the past vear. In view of limited ex- 
perience, the applicability of this technique is not evi- 
dent; however, it will be considered the procedure of 
choice if its application in future cases is as easy and as 
successful as it has been to date. 


Addendum 


Since this paper was submitted, 5 additional patients have 
been treated for aneurysms which involved the celiac, superior 
mesenteric, and renal arteries by procedures combining tech- 
niques described as Type II and III operation. The aneurysm 
involved both thoracic and abdominal aorta in 4 and was con- 
fined to the abdominal aorta in 1 patient. Death occurred from 
cardiac failure in 1 patient with chronic heart and renal disease 
in whom operation was performed for rupture of large thoraco- 
abdominal aortic aneurysm. 
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DISCUSSION 


PRESIDENT Harpy: I would like to ask whether or not one 
should use total body heparinization during the period in which the 
perfusion of the viscera has been temporarily discontinued, 

Dr. James R. Jupe (Miami): I rise because as I listened to this 
this paper I thought about the few patients I have had with this 
extensive problem, and which generally result either in or near 
a disaster. The blood loss always seemed to be at least 6000 cc 
for us. If you take just those aneurysms isolated to the descending 
thoracic aorta and have to replace the entire descending thoracie 
aorta, which I have had to do a number of times, there always 
seem to be some, at least, transitory lower extremity weakness. 
Fortunately, we have never had any complete paraplegia persist. 

I'm interested to hear that you have had only one case of 
paraplegia, because if you do your procedure where you have 
to replace both the thoracic and abdominal aorta, I would think 
that this would be even more likely. You did mention, however, 
that you reanastomosed the lumbar arteries, at least in one case, 
and this may be important if anatomically feasible. 

Id like to ask two questions: First, how often do you see at 


least a temporary paresis from your thoracoabdominal aortic re- 
section? 


And the second question is about the indications for operating 
on this type of patient. I see a lot of patints with a lower thoraco- 
abdominal fusiform aneurysm, beginning in the lower thoracic 
aorta and extending down to just above the renal arteries, who 
are quite old; i.e., over 65. 

We follow these because I believe the mortality rate there would 
be horrendous and I tend to think that the results, at least in our 
hands, are better in following them than if we try to do such a 
massive procedure. 


Dn. E. STANLEY CRAWFORD (Closing discussion ): Heparin was 
not used in these cases to avoid the possibility of increasing blood 
loss. 

Paraplegia is likely to occur after operation in approximately 
5% of cases with thoraco-abdominal aortic aneurysms. This inci- 
dence can be reduced by maintaining normal blood pressure and 
sparing and reattaching intercostal and lumbar arteries. 

I feel that aggressive treatment, i.e., excision and graft replace- 
ment, is indicated in these cases. Despite the fact that the majority 
of the cases in this series were in the older age group and having 
had rupture, leakage, or pain from expansion and erosion, the 
majority survived and were restored to good health. 


Splenoprotography is a valuable diagnostic procedure which 
provides information concerning pathologie abnormalities of 
the portal vein and helps the surgeon in planning operative 
relief of portal hypertension. The earlier apprehensions re- 
garding the hazards and risks of splenoportography no 
longer seem justified. Properly done, it is a relatively safe 
procedure. In the present series of 110 splenoportograms sig- 
nificant bleeding complications were limited to three patients 
with clotting abnormalities. Two of these occurred before 
platelet transfusions were readily available. With current 
modalities, ascites and clotting abnormalities can usually be 
relieved and thereby reduce the hazard of bleeding from the 
puncture site. In the event the above objectives cannot be 
achieved, then a superior mesenteric and celiac arteriogram 
should be done with the film exposures timed to demonstrate 
the venous phase of opacification. The resultant portogram 
is not of the same quality and clarity obtainable with spleno- 
portography. Nonetheless, it is usually adequate to demon- 
strate the morphology of the portal vein, any evidence of 
obstruction or other abnormality of portal vein. The splenic 
vein may or may not be adequately demonstrated. Spleno- 
portography should be seriously considered in any patient 
who has had acute pancreatitis, especially if upper gastro- 
intestinal bleeding occurs. Many such patients, in the past, 
have been thought to have stress ulcerations of the stomach. 


HE FIRST SPLENOPORTOGRAM PERFORMED IN MAN was 
apparently done by Blalock and Duncan‘ in 1942. 
The patient had a chronic draining sinus tract in the left 
upper quadrant of the abdomen. The tract was injected 
with iodochloral? and radiographs were made. Much to 
their surprise the portal vein was opacified. At a subse- 


quent operation the sinus tract was found to lead di- 


rectly into the spleen. Blakemore and Lord? reported the 


first operative portography in 1945, the procedure was 
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done in patients undergoing portal-systemic venous 
shunts. Bahnson, Sloan and Blalock? in 1949, first did 
animal studies to test the efficacy and risk of spleno- 
portography and then did percutaneous splenoporto- 
grams in six patients. This work was not reported until 
1953. They were apprehensive that splenic puncture would 
lead to serious bleeding. In each of their patients after 
the splenoportogram, laporatomy and splenectomy were 
done. It was of interest that intraperitoneal blood loss 
in these patients was in the range of 30-40 cc. Two of 
the six patients also had a splenorenal venous shunt per- 
formed at that time. 

In 1951 Albeatici and Campi! reported extensive stud- 
ies of splenoportography in the dog and in that same year 
Leger et al? and Boulvin et alë reported percutaneous 
splenoportography in man. In 1952 Sotgiu et al? intro- 
duced the term splenoportography; the previous authors 
had used terms such as portal phlebography and hepatic 
angiography. The procedure gained rapid acceptance in 
Europe and South America in the early 1950s, but not 
in the United States. Blalock* had continued reserva- 
tions about the hazards of splenic puncture and a stated 
preference for operative portography. This opinion was 
based on the time-tested surgical dictum that if the cap- 
sule of the spleen is violated persistent hemorrhage may 
result and therefore splenectomy should be done. Many 
other surgeons shared this view and percutaneous spleno- 
portography did not gain widespread acceptance in this 
country until the 1960's. 

Analysis of the experience at Vanderbilt University 
Hospital with 110 percutaneous splenoportograms in 69 
patients between 1957 and 1973 provides the basis of this 
report. 


TABLE 1. Indications for Splenoportogra phy 





Symptoms or Signs of Portal Hypertension 
Splenomegaly of Unknown Etiology 
Hepatomegaly of Unknown Etiology 
Suspected Pancreatic Pathology 

Followup of Portal Systemic Shunts 





Indications and Contraindications 


Splenoportography provides several important items of 
information: 1) splenic pulp pressure, which approxi- 
mates portal venous pressure; 2) status of the splenic 
and portal vein as regards patency or evidence of oc- 
clusive lesions including encroachment on the splenic 
vein secondary to pancreatic disease; 3) presence or ab- 
sence of opacification of portal and splenic tributary or 
collateral veins, the presence of which indicates obstruc- 
tion upstream and portal hypertension; 4) the configura- 
tion of the intrahepatic portal venous radicals; 5) 
presence or absence of mass lesions in the hepatic paren- 
chyma; 6) status of portal systemic venous shunts. 

The indications for the procedure are shown in Table 
1. The commonest indication is in a patient who has ex- 
perienced an upper gastrointestinal bleeding episode and 
has other manifestations suggestive of cirrhosis of the 
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liver or portal vein thrombosis. Patients with gastroin- 
testinal bleeding of obscure etiology form another im- 
portant group in which splenoportography may be in- 
dicated. An enlarged spleen and/or liver is also a 
frequent indication. Any child who has gastrointestinal 
bleeding of obscure origin should be considered as a 
possible candidate for splenoportography. Seven of our 
34 childhood patients with portal hypertension presented 
with passage of bright blood per rectum.!! Salam and 
Warren"? have recently called attention to the fact that 
acute pancreatitis and its sequela can cause splenic vein 
thrombosis, splenic venous hypertension, esophageal vari- 
ces and varix hemorrhage. On the basis of their experi- 
ence. any patient with pancreatitis who subsequently has 
an upper gastrointestinal hemorrhage should be consid- 
ered as a candidate for splenoportography. Finally, a 
frequent indication in our experience has been to obtain 
followup studies in patients with portal-systemic venous 
shunts. 

The relative contraindications have been ascites, 
thrombocytopenia and/or prothrombin deficiency, each 
of which poses an increased risk of serious bleeding 
from the splenic puncture site. In the patient with ascites 
we have administered a diuretic, a low salt diet and in 
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Fic. 1. A diagram outlin- 
ing the technique used in 
performing splenoportog- 
raphy. As indicated in the 
drawing the subcostal in- 
sertion of the needle 
should be avoided (see 
text). 
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manv instances human serum albumen has been admin- 
istered intravenously over several days. These maneuvers 
will usually eliminate or minimize the ascites and spleno- 
portography can then be done with greater safety. If the 
platelet count is less than 50,000, platelet transfusions 
have been given just before the procedure. Vitamin K 
has been used to correct prothrombin deficiency. 


Technique 


In young children a general anesthetic has been used 
whereas in teenagers and adults local anesthesia has 
sufficed. The patient is given an enema the evening prior 
to study and is placed NPO eight hours prior to the 
procedure. Premedication has consisted of a narcotic 
and a barbiturate. The patient is then taken to the x-ray 
suite and a scout film is obtained after he is positioned 
with the left arm raised above his head and a lead marker 
is placed on the skin one and one-half inches below the 
xyphoid in the abdominal midline. This marker allows 
centering of the radiographic tube and aids in the place- 
ment of the percutaneous needle. The scout film should 
demonstrate the lower lung field and allow for evaluat- 
ing the size and position of the spleen. The left chest 
and abdomen are prepped and draped. The ninth inter- 
costal space is the site of introduction of the needle, 
in posterior axillary line of the spleen is small and the 
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Fic. 2. Comparison of splenic pulp pressure obtained at splenopor- 
tography with portal vein pressure measured at operation in 3l 
patients. 
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Fic. 3. A normal splenoportogram, only the splenic vein and portal 
vein are opacified. The intrahepatic branches of the portal vein 
are straight and orderly. 


mid-axillary line if the spleen is large (Fig. 1). A six 
inch 18 gauge Teflon sleeve needle (adults) or 20 gauge 
needle (children) is inserted, kept horizontal to the table 
and advanced under fluoroscopy cephalad at an angle of 
15-20^ so that the tip of the needle can be placed at 
the level of the hilum of the spleen or higher. Upon en- 
tering the splenic substance there is usually a steady drip 
of blood from the needle. After the needle has been posi- 





Fic. 4. Splenoportogram in a patient with portal hypertension 
secondary to cirrhosis of the liver. Collateral tributary veins ( coro- 
nary and short gastric veins) are opacified and the intrahepatic 
portal branches are tortuous and distorted. 
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Fic. 5. Splenoportogram in patient with portal hypertension due 
to cirrhosis following a portocaval shunt. Only the splenic vein, 
portal vein and inferior vena cava are opacified. 


tioned, it is attached with venotubing to a three-way 
stop cock, which holds a mannometer and a svringe with 
saline. Pressure measurements are then obtained on three 
separate readings. Following this the needle is attached 
to a syringe containing vascoray (meglumine iothala- 
mete and sodium iothalamate) and a test injection is 
made with 5 cc of the contrast media. If the needle is 
properlv placed there will be a puddling of contrast me- 
dium fn splenic pulp followed by opacification of venous 
structures. When the needle position is correct, 30 cc of 
contrast are injected manually over a ten second period. 
The initial film exposure is begun at 2 seconds after the 
estart of injection with serial films obtained in the fol- 
lowing sequence: 15 films per second for 20 seconds, a 
six-second pause and then 1% films per second for four 
seconds. 

After completion of the study, the needle is removed 
and the patient is instructed to lie on his left side for 
two hours, This maneuver causes the spleen to lav against 





Fic. 6. Splenoportogram and esophagogram in a two year old 
patient with portal vein thrombosis showing esophageal varices on 
both examinations. There is a modest amount of portal blood flow 
thru collateral veins in the porta hepatis. 


the cupola of the left diaphragm and thereby tampanade 
the puncture site. Vital signs and the hematocrit are 
monitored during the ensuing 24-hour period. 

In our opinion the placement of the needle thru the 
ninth intercostal space and having the patient lie with 
the left side down following the procedure are of critical 
importance if significant bleeding is to be avoided. When 
the spleen is large and extends down below the left 
costal margin it mav be tempting to insert the needle 
thru the abdominal wall and into the spleen (Fig. 1). A 
splenic puncture at this site is more likely to lead to sig- 
nificant hemorrhage because there is no way to tampa- 
nade the puncture hole. 


Results 


A total of 110 splenoportograms have been done in 69 
patients. One patient with portal vein thrombosis has 
had eight splenoportograms, beginning at age three and 


Fic. 7. (Left) Spleno- 
portogram in the patient 
in Figure 6 one vear after 
thoracic transposition of 
the spleen which shows 
filling of intercostal and 
mediastinal veins. There 
also has been a modest 
increase in portal blood 
flow to the liver thru col- 
laterals in the porta hep- 
atis. (Right) Eight years 
later the splenoportogram 
shows a dramatic increase 
in the portal blood flow 
to the liver, a decrease in 
number of pleural col- 
laterals and persistent 
coronary vein opacifica- 
tion. 
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Fic. 8. Splenoportogram in a patient ten days after an episode of 
acute pancreatitis showing marked compression of the splenic 
vein and filling of gastroesophageal varices via the short gastric 
veins. There was a palpable mass in the left upper quadrant which 
was either an abscess or infected pseudocyst. Aspiration of the 
mass at the time of splenoportography yielded pus containing 
enterobacter aerogenes. A Blakemore-Sangstaken tube with an 
inflated gastric ballon is also shown. 


then almost yearly until age nine when a mesocaval shunt 
was done. He is now 14 vears old and has had two post- 
operative followup studies. Of the 110 studies attempted 
106 were successful. There were four occasions when the 
spleen could not be punctured, these all occurred back 
in the late 1950's, early in our experience. In 104 of the 
examinations the visualization of the portal system was 
excellent while in two the opacification was of poor 
quality. 

There were six complications (5.52) secondary to the 
procedure of which only four were significant. Two pa- 
tients had a small pneumothorax which resolved in the 
two or three days without tube drainage. There were 
three significant bleeding episodes. Two of which re- 
sponded to blood transfusions and supportive measures. 


Fic. 9. Splenoportogram 
in a patient with the Cru- 
veilhier-Baumgarten Syn- 
drome. On the left an 
early radiograph is shown 
and on the right a late 
radiograph shows the pat- 
ent umbilical vein. 
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The third patient required laporatomy and was found to 
have a laceration of splenic capsule which necessitated 
splenectomy. The fourth serious complication occurred 
in a patient who returned ten days after the splenoporto- 
gram which left upper quadrant pain, fever and leucocy- 
tosis. A subphrenic abscess was suspected but at lapa- 
rotomy a subscapsular hematoma of the lower pole of the 
spleen was found which was left undisturbed. His re- 
covery was uneventful. 

Although attempts were made to relieve ascites and 
correct clotting dysfunction prior to the procedure, there 
were no absolute contraindications to the study. Twenty- 
nine of the patients had ascites at the time of the study. 
Only one of these studies was associated with a compli- 
cation, bleeding which required transfusion of seven 
units of blood. This was a patient with far advanced cir- 
rhosis, massive ascites and marked prothrombin defi- 
ciency. Laporatomy was deferred and the bleeding 
stopped. Thirty-six of the patients had impaired clotting 
function (platelets less than 50,000 and/or a prothrombin 
time greater than 15 seconds ). The three bleeding compli- 
cations occurred in these patients, one of which had mass- 
ive ascites also. 

A comparison of the splenic pulp pressure obtained 
at splenoportography with the operative portal pressure 
was possible in 31 patients. In 12 patients the correlation 
between these two values was within 5 cm H.O, In the 
other 19 patients there was a wide difference between 
the two pressures (Fig. 2). As a rule the splenic pulp 
pressure was less than the operative portal pressure. In 
18 patients the pulp pressure was lower than the portal 
pressure. 

A correlation between esophageal varices observed on 
the splenoportogram with those observed on esophago- 
gram or with endoscopy was also done. Forty-nine pa- 
tients had both esophagogram or esophagoscopy as well 








Fic. 10. Reversal of flow in the portal vein ( hepatofugal flow) in 
a patient with severe intrahepatic portal venous obstruction due 
to cirrhosis. This condition mimics portal vein thrombosis. The 
cardinal feature of the condition is that the inferior mesenteric 
vein is the major route of egress for splenic venous outflow. 


as splenoportography. Three patients who had no evi- 
dence of varices on the splenoportogram were felt to 
have varices on the esophagogram; none of these three 
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patients had endoscopy. Four patients who demonstrated 
varices on splenoportography had no evidence of varices 
on their esophagogram. 


Illustrative Cases 


Normal Splenoportogram 


In the normal splenoportogram only the splenic and 
portal veins are opacified and the splenic pulp pressure is 
usually less than 20 mm H.O (Fig. 3). The blood flow is 
hepatopetal and none of the tributaries of the splenic or 
portal veins are visualized. The arborization of the intra- 
hepatic branches of the portal vein are straight and 
orderly. 


Portal Hypertension Due to Cirrhosis 


In patients with portal hypertension the splenic pulp 
pressure is usually greater than 30 mm Hg. In cirrhosis 
of the liver there is no obvious site of obstruction: how- 
ever. the intrahepatic branches of the portal vein are 
pruned, tortuous and distorted ( Fig. 4). Collateral tribu- 
taries of the splenic and portal veins such as the coronarv 
and short gastric veins are opacified. The coronary vein 
can often be noted to lead to filling of a worm like mass 
of veins at the cardioesophageal junction. Figure 5 shows 
a patent portocaval shunt in such a patient. 





Fic. 11. a. (left) Splenoportogram in a nine year old patient with portal vein thrombosis, first demonstrated at age three years, show- 
ing extensive spontaneous shunts between the portal and systemic venous systems. 8—splenic vein. 7— spontaneous splenorenal shunt. 
9—inferior vena cava. 10—intrahepatic portal vein. b. (right) Splenoportogram in same patient after mesocaval shunt. 
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Portal Hypertension Due to Portal Vein Thrombosis 


In this condition, the pulp pressure is again elevated 
and the splenic vein is opacified but usually the portal 
vein is not. In most instances there is plexus of veins 
leading into the hilum of the liver, the so-called “caverno- 
matous transformation of the portal vein" which in the 
authors opinion is nothing more than the enlargement 
of many small veins in the porta hepatis. Collateral tribu- 
taries of the splenic and portal veins are again opaci- 
fied (Fig. 6). In these patients if the initial splenoporto- 
gram is done at age two or three, one finds virtually no 
flow of portal blood to the liver. However splenoporto- 
grams done two, four and eight years later show more 
and more portal flow reaching the liver thru collateral 
veins in the porta hepatis (Fig. 7). 


Thoracic Transposition of the Spleen 


This procedure which allows development of venous 
anastomoses between the splenic capsule and the veins 
of the pleural parietes: intercostal, diaphragmatic and 
mediastinal veins, was first done by Nylander and 
Turunen.'^ Subsequently we performed animal studies 
which confirmed their observations. The procedure is 
an alternate method of effecting portal decompression in 
patients with portal hypertension, Figure 7 shows spleno- 
portograms done one and eight years following placement 
of the spleen in the left hemithorax. The patient is the 
same one shown in Fig. 6. During the second vear of life 
he had had repeated massive esophageal varix hemor- 
rhage and required transfusion of 26 units of whole 
blood. The splenic vein was small and it was thought that 
a splenorenal shunt would most likely thrombose, so the 
spleen was transposed into the chest. He had two minor 
bleeding episodes in the ensuing year but has had no 
further hemorrhage in the past ten years. A splenoporto- 
gram at one year postoperatively (Figure 1) shows opaci- 
fication of intercostal and mediastinal veins and very little 
blood flow to the liver via collaterals in the porta hepatis. 
At eight vears (Figure 7) a splenoportogram shows most 
of the splenic venous blood reaching the liver via porta 
hepatis collaterals, a marked decrease in the thoracic 
collaterals but a persistent large coronary vein. 


Pancreatitis, Pancreatic Cyst or Abscess 


Pancreatic pathology can cause compression of the 
splenic vein or splenic vein thrombosis, splenic venous 
hypertension, esophageal varices and sometimes upper 
gastrointestinal bleeding. Salam and Warren"? have re- 
cently reported this splenic vein thrombosis secondary to 
pancreatitis in eight patients, five of which had esopha- 
geal varix hemorrhage. Figure 8 shows a patient with 
pancreatitis and a pancreatic abscess. The frequency with 
which this occurs in patients with pancreatitis is not yet 
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Fic. 12a. Splenoportogram in a patient with a patent H- -type 
Dacron shunt between the portal vein and inferior vena cava. 





Fic. 12b. A transfemoral catheter phlebogram demonstrates da- 
cron H-shunt. 1—Dacron graft. 9— inferior vena cava. 
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known. Prolonged antibiotic therapy followed by splenec- 
tomy relieved the splenic hypertension and the varices 


disappeared. 


Cruveilheir-Baumgarten Syndrome 


In these patients the umbilical vein has remained 
patent and in response to intrahepatic portal obstruc- 
tion, due either to cirrhosis or hepatic agenesis, a nest 
of subcutaneous veins at and around the umbilicus pres- 
ent as a “caput medusae” and a splenoportogram as 
shown in Fig. 9. As a rule esophageal varices and bleed- 
ing are not much of a problem in these patients. Appar- 
ently the large umbilical vein effectively decompresses 
the portal hypertension. 


Reversal of Flow in the Portal Vein 


With extreme, high grade intrahepatic obstruction ( cir- 
rhosis) of the portal vein, the portal vein may act as out- 
flow tract with hepatofugal flow. A splenoportogram in 
such a patient may mimic portal vein thrombosis. The 
condition can be recognized by the findings shown in 
Fig. 10. The splenic vein is opacified until it reaches the 
inferior mesenteric vein, fow then proceeds down the 
inferior mesenteric vein. None of the other tributaries 
of the splenic or portal vein are opacified. Another condi- 
tion which can produce this picture is an arterio-venous 
fistula between the hepatic or splenic artery and the 
portal or splenic vein.* 


Spontaneous Portal Systemic Venous Shunts 


Spontaneous portal systemic venous shunts are fairly 
"common in patients with portal hypertension, especially 
in patients with portal vein thrombosis. Figure 11a shows 
a splenoportogram in a nine-year-old boy who had been 
known to have portal vein thrombosis since the age of 
three. Extensive collaterals including a spontaneous 
splenorenal shunt have developed. Even though these 
shunts may be extensive they usually do not adequately 
decompress esophageal varices or prevent varix hemor- 
rhage. In Figure 11b a patent mesocaval shunt in this 
same patient is shown. 
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Dacron H-Type Portocaval Shunt 


Following feasibility studies in the dog, reported in 
1961, a 18 mm Teflon graft was used to construct an 
H-type portocaval shunt in a 13-year-old girl with cirrho- 
sis, portal hypertension and bleeding esophageal vari- 
ces.!! This procedure was done in October 1960. F igure 
12 shows a splenoportogram and a retrograde catheter 
study of the H-shunt eight years later. Now 13 years after 
the operation she remains well and symptom free. 
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DISCUSSION 


Dr. RosERT B. SwirH, III (Atlanta): We would certainly 
agree, from our experience with splenoportography, that the splenic 
pulp pressure is often quite different from what we find for portal 
pressure measured at the operating table. 

In recent years, under the direction of Dr. Dean Warren at 
Emory, we have taken a somewhat different approach to the 
problem of portal hypertension, as many of you know, directing 
our efforts toward the selective distal splenorenal shunt in more 
patients. For that reason we perform a preoperative work-up that 
most often does not include a splenoportogram. We wish te avoid 
possible injury to the spleen, because the necessity to remove that 
organ for a laceration caused by splenoportography would elim- 


inate the possibility of creating a distal splenorenal shunt. We 
prefer to do the preoperative angiographic studies by more indirect 
means, if possible, obtaining a superior mesenteric anteriogram, 
hepatic wedge pressure with wedge venogram, and, at the same 
time, a study of the left renal vein in order to determine whether 
the patient has veins of sufficient size and proximity to permit 
a distal splenorenal shunt. We obtain a splenoportogram in these 
patients only if the other studies fail to demonstrate with sufficient 
claritv the vessels that are necessary for creation of this shunt. 

I appreciate the precautions that Dr. Foster has mentioned and 
wonder if he would be willing to give us guidelines about 
prothrombin time and platelet count levels beyond which he 
would not be willing to do splenoportography. 


"e 
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Dr. CHanuLEs Marks (New Orleans): I enjoyed Dr. Foster's 
paper very much on two counts: one, because of the high standard 
of presentation; and secondly, because it endorses a philosophy 
which I began to apply in 1953, soon after those first few publi- 
cations, at which time I functioned at a place where a surgeon's 
territorial imperative permitted him to function outside of the 
bedside and the operating room, and he could functicn in the 
X-ray Department, and therefore develop a degree of discretion 
which, hopefuly, matched his fearlessness in traumatizing, poten- 
tially, a spleen. 

In the course of the last 21 years we have done 115 splenopor- 
tograms, mostly in patients with portal hypertension, although we 
did some for some other indications, as indicated previously. At 
the time we felt it mandatory to do this investigation even under 
emergency circumstances, at which time we would control the 
bleeding with tamponade, and resuscitated the patient. We would 
then take him down to the x-ray room and visualize the archi- 
tectural aberration as it occurred; because at that time we felt it 
very important to know. We had three standard decompressive 
operations, and each was done through either a right-sided thoraco- 
abdominal incision, the splenorenal through a left-sided thoracc- 
abdominal; and if we decided on a Clatworthy type of mesenterc- 
caval shunt through an abdominal incision; and we felt that this 
kind of information was essential at this time. 

Currently, we don't feel so aggressive about this, when the other 
diagnostic aids are available, with selective arteriography in the 
venous phase, which also permits now the radiologist, who has 
taken over these investigations, to introduce therapeutical vasocon- 
strictive agents. Perhaps I personally do not feel as aggressive, 
and no longer insist upon the performance of this procedure, 

Perhaps we can just show you a few examples of some of the 
cases we had. (Slide) We, too, out of 115 suffered two patients 
who had bleeding, and these were both patients in whom we 
had used Teflon catheters, although originally we used spinal tap 
needles, in the early years. In the one we needed to do an 
emergency splenectomy; in the other, we tided the patient over 
until the next day, when we had planned to do a definitive de- 
E operation. 

This demonstrates a child with congenital atresia and this was 
about 10 years ago, and this child had already had two nebulous 
gastric operations for bleeding of unknown origin, in which they 
suture ligated apparent bleeding spots; and when this child came 
back, the splenoportogram demonstrated unquestionably the area 
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of portal vein atresia, which is depicted in this slide, indicating 
the site of the obstruction. 

The next slide will show you again, using splenoportography, a 
suczessful mesenterocaval shunt of the Clatworthy type. 

And this is one which shows rapid disappearance of the dye 
after a successful portacaval anastomosis. 

Apropos of this, may I say that our experience has been a little 
different with regard to the mensuration of portal pressure, and 
perhaps Dr. Foster might indicate why there is this disparity in his 
cases. We have found a reasonable parallelism, allowing for the 
fact that we did these under local anasthesia in adults, although 
we do it under general anesthesia in children, and, of course, all 
the patients were relaxed at the time of doing operative manometry. 

This again shows you the varices up in the lefthand corner, 
with a very turgid portal system and pressure of about 620 mm 
at surgery, and just a little bit over that when we measured the 
splenic pulp pressure. 

Here is one with a primary splenic vein thrombosis with varices, 
one of the few conditions where splenectomy alone may be curative 
in the syndrome of portal hypertension. 

And here's another manifestation due to portal vein thrombosis, 
again demonstrating the collateral varicosities. 

Here again, outlining the whole intimate vasculature of the por- 
tal venous system in a patient with portal hypertension and varices 
again which are apparent in the left upper quadrant. 

In depicting the drainage of the coronary veins, this shows very 
nicely the high percentage of veins that drain into the splenic 
vein, in distinction to the portal vein. 


Dr. Davin M. CowxrE (Closing discussion): In answer to 
Dr. Smith's question, platelet counts of less than 50,000 and pro- 
thrombin times greater than 15 seconds are relative contraindica- 
tions to performing splenoportography. To correct the above 
deficiencies, we administer platelets to those patients with thrombo- 
cytopenia and vitamin K to those patients with prolonged pro- 
thrombin times. If we cannot correct these deficiences, we utilize 
arteriography to evaluate these patients. 

We appreciate all of Dr. Marks’ fine slides. In answer to his 
question, we feel that the observed discrepancy between splenic 
(pulp) pressure and operative portal pressure is secondary to the 
change in systemic blood pressure which occurs with general. 
anesthesia. 


Use of Hemodynamic Selection Criteria in the 
Management of Cirrhotic Patients 


One hundred-and-thirty patients with cirrhosis of the liver 
and portal hypertension were evaluated by hemodynamic 
staging. Based largely upon hemodynamic selection criter a, 
66 of these patients had a portal-systemic shunt, 24 had a 
non-shunt operative procedure and 40 were managed merli- 
cally. Both the clinical and the hemodynamic results were 
assessed. The striking clinical findings were a high operati-e 
mortality rate: 3596 for the shunted patients and 3896 for 
those teated with a non-shunt operation. Despite this, hov- 
ever, long-term survival was reasonably good for all thre 
groups of patients, being best for those managed by non- 
surgical means. The assessment of the hemodynamic findins 
warrants three conclusions. First, therapeutic choice based 
apon hemodynamic criteria did decrease the incidence af 
encephalopathy and eliminate the risk of death from liv-r 
failure in selected groups of patients. Second, among shunted 
patients, hemodynamic selection failed to improve either 
operative risk or long-term survival. Third, when used :» 
select patients considered hemodynamically unsuitable for a 
portal-systemic shunt, such considerations led to no ir- 
provement in the late results. It seems clear that the applic-- 
ton of hemodynamic principles has not produced ary 
definitive clinical benefit. Considering the risk and expense ir- 
volved in the used of such techniques, the justification fcr 
their continued use is open to question. 


VIDENCE HAS BEEN AVAILABLE since 1951 to indicate 
E that the construction of a portacaval shunt ma? 
cause a reduction in estimated total liver blood flow 
It is clear that an end-to-side portacaval shunt eliminates 
all prograde portal flow to the liver. There is a consider- 
able body of data to suggest that the same is true of ~ 
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side-to-side por:acaval shunt in most instances.*-913,26,33 
Although some difference of opinion exists)! it seems 
likely that varictions of the portacaval shunt, such as 
splenorenal and mesocaval shunts, function effectively as 
side-to-side shumts and that little, if any, hepatopetal 
portal blood flow occurs after such procedures. It thus ap- 
pears that any tvpe of portal-systemic shunt deprives the 
liver of portal bbod flow and may cause a significant re- 
duction in total liver blood flow, depending upon the 
ability of the hepatic artery to compensate for this loss. 
On the other hand, the cirrhotic process itself causes a 
progressive decrease in portal blood flow so that certain 
patients may alrsady have compensated for the physio- 
logic insult of a portal-systemic shunt. Warren‘! first 
suggested that such considerations might be used to de- 
fine hemodynam.c stages and thus to select patients for 
a portacaval shunt. 

Over the past decade, a number of investigators have 
concurred in the importance of hemodynamic consid- 
erations,?1??5 while others have questioned the use- 
fulness of such an approach.® 947.40 The present author 
recently concluced that hemodynamic staging could 
provide at least some prognostic information concern- 
ing operative risk, late survival and the likelihood of 
early postoperative liver failure in shunt patients.’ How- 
ever, a more receat assessment of the validity of the pre- 
operative hemodynamic studies resulted both in a re- 
vision of the staging criteria and in a serious question as 
to the utility of such studies.?* 

The present investigation analyzes the clinical results 
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in a series of 130 patients with cirrhosis and portal hyper- 
tension in whom hemodynamic staging criteria were ap- 
plied. Sixty-six of these patients were managed with a 
portal-systemic shunt, 24 of them had a non-shunting 
surgical procedure, and 40 of them were treated by 
medical means. Hemodynamic considerations entered 
into the choice of therapy, as will be detailed below, but 
the investigation is by no means a random or a controlled 
one. The conclusions purport only to indicate the results 
which accrued when hemodynamic selection criteria were 
applied to choose varying methods of treatment for cir- 
rhotic patients with portal hypertension. 


Methods 


The hemodynamic methods have been described in 
several previous publications?*39 and will not be re- 
viewed in detail here. In essence, three hemodynamic 
stages are defined based upon portal blood flow to the 
liver: in stage I portal blood flow is normal; in stage II 
it is moderately reduced; and in stage III it is severely 
curtailed or even reversed. Both preoperative and in- 
traoperative data are used to arrive at these stages. 

The preoperative measurements are: 1) the colloidal 
gold estimated total hepatic blood flow (EHBF); 2) the 
wedged hepatic vein pressure ( WHVP) as measured by 
hepatic vein catheterization; 3) the splenic uptake of 
colloid on the liver and spleen scan; 4) the splenic pulp 
pressure (SPP) measured at the time of percutaneous 
splenoportography; 5) portal flow velocity as estimated 
from the splenoportogram; and 6) the extent of col- 
lateral portal blood flow through esophagogastric varices 
and other venous collaterals as visualized in the spleno- 
portogram. The EHBF is expressed as the percentage of 
total blood volume perfusing the liver per minute. The 
WHVP and the SPP are recorded in mm. of saline, and 
WHVP is corrected to inferior vena cava pressure as a 
baseline. The splenic uptake on scan, the decrease in 
portal flow velocity, the extent of varices and the degree 
of other collateral circulation are all qualitatively as- 
sessed and expressed on a 0 to 3+ scale, the summation 
of varices and other collateral thus being on a 0 to 6+ 
scale. 

The operative measurements are: 1) the hepatic artery 
to portal vein flow ratio; 2) the free portal pressure 
(FPP); and 3) the maximum perfusion pressure (MPP). 
The HA: PV flow ratio is derived from direct measure- 
ments using a square wave electromagnetic flowmeter. 
The FPP is in mm. of saline corrected to inferior vena 
cava pressure as a baseline. The MPP, also expressed in 
mm. of saline, is the difference between mesenteric oc- 
cluded and hepatic occluded portal pressure, and repre- 
sents the head of pressure driving portal blood into the 
liver. 

The criteria used to established each hemodynamic 
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TABLE 1. Hemodynamic Staging Criteria 
Hemodynamic Stage 
Criterion* I II III 

Pre-Operative 

EHBF (%) 215 10-15 «10 

WHVP (mm saline) «200 200-250 250 

Splenic Uptake 0-14 1 4-2 2---34- 

SPP (mm saline) <300 300-400 > 400 

Decreased Flow Velocity 0-1+ 1+-2+ 2+-3+ 

Varices and Collateral 0-4 -+ 2+-5+ 3+-6+ 
Operative 

HA:PV Flow Ratio $0.33 >0.33-£1.00 1.00 

FPP (mm saline) « 200 200-275 >275 

MPP (mm saline) > 250 110-250 <110 


* See text for definitions 


stage are presented in Table 1. These criteria have been 
developed from a recently published analysis;?* and dif- 
fer from those used in the past both by the present 
author? and by Warren. The only statistically valid 
staging parameters are the HA:PV flow ratio and the 
MPP. Accordingly these data were used to establish the 
hemodynamic stage for each patient whenever they 
were available. When such data were not available, a 
summation of the results of the preoperative measure- 
ments was used. In assigning a hemodynamic stage from 
preoperative information alone, the six individual pa- 
rameters were not weighted equally, but were intespreted 
according to an assessment of their relative interactions 
which is discussed in detail in previous publications.3539 
It should be noted that no preoperative test correlates 
well with the intraoperative stage, and that, although- 
the overall preoperative stage appears to relate well to 
operative findings, a statistical correlation has yet to be 
established. 


Patient Material 


Sixty-six patients had a portal-systemic shunt. Some 
of the information concerning these patients is presented 
in Table 2. Two of the patients in this group were 


TABLE 2. Patient Population 
Shunt — Non-Shunt Non-Operated 
Patients Patients Patients 

Number of Patients 66 24 40 
Males 48 (73%) 12 (50%) 25 (63%) 
Females 18(2795) 12 (50%) 15 (37%) 
Average Age (yrs.) 50 54 46 
Diagnosis 

Nutritional Cirrhosis 46 (70%) 12 (50%) 32 (80%) 

Post-Necrotic Cirrhosis 16(24%) 10 (42%) 5 (13%) 

Other Liver Disease 4 16%) 2 (8%) 3 (7%) 
Operation 

Emergency 2714195) 7 (29%) — 

Elective 39:5995) 17 (71%) — 
Mean Duration of Follow- 

Up (mos.) 51 40 42 
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shunted as a result of recurrent hemorrhage after a non- 
shunt operation, and five others represent a failume of 
medical management and come from the non-operated 
group. The indication for operation was massive var ceal 
hemorrhage in 61 cases, four shunts were prophylectic, 
and one was performed for intractable ascites. Sixty-one 
shunts were of the portacaval type, 48 side-to-side and 13 
end-to-side. There were two splenorenal and three meso- 
caval shunts. In 53 of these patients the hemodynzmic 
stage was defined by MPP, by HA:PV flow ratio, o: by 
both. In the remaining 13 patients, hemodynamic sag- 
ing was by a combination of the other criteria. 

Twenty-four patients were treated by a non-shun-ing 
operation designed to control esophagogastric varces 
(Table 2). Two of these patients were operated upon for 
variceal hemorrhage after medical treatment failed, and 
thus came from the non-operated series. In this group 
the surgical indication was bleeding from varices ix 21 
instances and hypersplenism in three. Eighteen patients 
had a splenectomy and coronary vein ligation, four aad 
splenectomy alone, and two underwent transesophageal 
ligation of varices. The hemodynamic stage was based 
upon MPP and/or HA: PV flow ratio in 19 of these ca es, 
and in five the stage was predicated upon the ove all 
assessment of other parameters. 

Forty patients were managed, at least initially, by 
non-operative methods (Table 2). As already noted, f ve 
of these patients eventually joined the shunt group end 
two others ultimately received non-shunt operations, all 
seven because of variceal hemorrhage. All 40 of these 
cases had portal hypertension secondary to cirrhosis or 
" to some other form of intrahepatic "post sinusoidal" blo-k, 
and all 40 presented with gastrointestinal bleeding. T-vo 
patients had operations unrelated to their primary prcb- 
lem, a cholecystectomy in one and an exploratory lapa- 
rotomy in another. In both of these patients, the hemo- 
dynamic stage was assessed by the MPP. In all of tne 
38 remaining cases, staging was based upon preoperatize 
criteria. Seven of these patients eventually came to opem- 
tion, and five of them then had operative staging, but tae 
interval between the initiation of non-operative manage- 
ment and the ultimate operation varied between thrze 





TABLE 3. Operative Mortality in Shunt Patients 

Type of Operation Survival Died Mortality 
Portacaval Shunt 41 20 33% 
Side-to-Side 33 15 31% 
End-to-Side 8 5 38% 
Elective 29 10 26% 
Emergency 14 13 48% 
Mesocaval 0 3 100% 
Splenorenal 2 0 0% 
Totals 66 23 35% 
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Fic. 1. Survival curves following portacaval shunt, non-shunt op- 
eration, and non-operative management. 


months and almost seven years. Accordingly the operative 
stage could not validly be used to define the stage at the 
time non-operative management was begun. 


Clinical Results 


Shunt Group 


The operative mortality is shown in Table 3 and is 
35% for the entire series. Even for the elective group, the 
mortality rate is 262. The number of.splenorenal and 
mesocaval shunts is too small to be meaningful. The 


causes of postoperative death are of interest. Nine pa- & 


tients died of liver failure, eight died from continued 
gastrointestinal hemorrhage (five with a patent shunt; 
three with no autopsy}, three bled to death in the operat- 
ing room, two died of pneumonia and one died of peri- 
tonitis secondary to a leaking gastrostomy. In all, 15 of 
these cases had encephalopathy as a feature of the post- 
operative course. 

As already indicated, the mean duration of follow-up 
is 51 months in the 43 survivors. Six patients have been 
followed for more than ten years and 16 for more than 
five years. The survival curve is shown in Fig. 1, as de- 
termined by actuarial methods?* The large drop in the 
first year includes the operative mortality. The three-year 
survival of 39%, five-year survival of 35% and ten-year 
survival of 25% are comparable to other reported results 
despite the high initial mortality. The causes of late death 
are presented in Table 4, and it is of concern that 44% 
of these were due to liver failure occurring as much as 
9% years after operation. Among this group of late deaths, 
26 had encephalopathy. 


F 


Vol. 179 * No. 5 


TABLE 4. Late Death After Portacaval Shunt 





Cause Number of Patients 





Liver Failure I5 
Shunt Thrombosis ana Hemorrhage 
Hepatoma 

Unrelated Cancer 

Peptic Ulcer Disease 

Bacterial Endocarditis 

Cerebral Vascular Accident 
Hemorrhagic Gastritis 

Congestive Heart Failure 


$e | wh we [x2 2 B2 Co o£ o 


Total 





Nine patients are still alive, six without symptoms of 
liver disease and three with encephalopathy. Overall, 
liver failure was the cause of death in 24 (36%) of these 
66 patients and 44 (67%) of them have had encepha- 
lopathy as a complication of their postshunt course. 


Non-Shunt Group 


In these patients, as well, the operative mortality was 
high at 38%, and for those with splenectomy and coronary 
vein ligation it was 33%. For some reason, the operative 
risk was less (29%) for emergency operations than it was 
for elective ones (41%). Only one of these cases died of 
liver failure, but in two others this complication was 
associated with fatal postoperative portal vein thrombosis. 
Two patients died of continued gastrointestinal bleeding, 
two died of intraoperative hemorrhage, and one each 
died of hemorrhagic pancreatitis and of staphylococcal 
pericarditis. Five of these patients had encephalopathy 
during the postoperative course. 

The mean followup in this group is 40 months, with 
five cases followed for more than five years. Figure 1 
depicts the survival curve, and again the large first year 
loss includes the operative mortality. The three-year sur- 
vival of 472 and the five-year survival of 375 are com- 
parable to the shunt group. Four of the eight late deaths 
were postoperative following portacaval shunt for re- 
current variceal hemorrhage. One patient each died of 
variceal hemorrhage, of a myocardial infarction, of a 
cerebral vascular accident and of disseminated histo- 


TABLE 5. Cause of Death in Non-Cperated Patients 
Cause Number of Patients 

Variceal Hemorrhage 11 

Postoperative After Portacaval Shunt 3 

Late After Portacaval Shunt 2 
Postoperative After Non-Shunt 

Operation 1 

Liver Failure 2 

Hemorrhagic Gastritis 1 

Unknown 1 

Total 21 


HEMODYNAMIC SELECTION CRITERIA 


785 


plasmosis. Only two of the late deaths had encepha- 
lopathy. 

There are seven survivors in this group, and four of 
them have no symptoms of liver disease. None of them 
have encephalopathy, but two continue to have gastro- 
intestinal hemorrhage and one has ascites and jaun- 
dice. Overall, liver failure was the cause of death in 
only one of these 24 cases, and only seven (29%) of 
them have suffered the postoperative complication of 
encephalopathy. 


Non-Operated Group 


In this series, the mean duration of followup is 42 
months, with two patients followed for more than ten 
years and ten patients followed for more than five years. 
The survival curve, shown in Fig. 1, shows actuarial! sur- 
vivals of 65%, 52% and 32% respectively at three, five and 
ten years. The causes of death are listed in Table 5. In 
all, 17 patients died from variceal hemorrhage either 
directly or following surgical intervention. Fifteen of 
these patients had encephalopathy. 

There are currently 16 known survivors, and eight of 
them are without symptoms of liver disease, one after a 
non-shunt operation for the control of variceal hemor- 
rhage. Among the other eight, two have had recurrent 
non-fatal hemorrhage, six have jaundice, five have ascites 
and four have encephalopathy. In this group only two 
patients (52) have died of liver failure, but a total of 19 
(48%) of them have had encephalopathy. 


Hemodynamic Results 


Shunt Group 


Nine of this group were in hemodynamic stage I, 26 
in stage II and 3] in stage III (Table 6). The results by 
hemodynamic stage are presented in Table 7. The opera- 
tive mortality is relatively low in stage I, but exception- 
ally high in stage II. Furthermore liver failure was 
responsible for 50%, 45% and 30% respectively of the opera- 
tive fatalities in stages I, II and III. An additional 9% of 
the patients in stage II and 50% of the patients in stage III 
had encephalopathy as a feature of the postoperative 
course prior to death, for an overall incidence of post- 


TABLE 6. Hemodynamic Stage 


Patient Group Hemodynamic Stage 





I II IIT Total 

Shunt Patients 9(1495) 26(39%) 31 (47%) 66 

Non-Shunt Patients 13(5495) 10 (42925) 1 (495) 24 
Non-Operated 

Patients 14 (35%) 23 (58%) 3 (7%) 40 

Total 36 (28%) 59(45%) 35 (27%) 130 
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TABLE 7. Results by Hemodynamic Stage 
Shunt Non-Shunt Non-Operazed 
Patients Patients Patients 
‘Operative Mortality 
Stage I 22% 23% — 
Stage II 429 6095 | — 
Stage III 32% — — 
One Year Survival 
Stage I 56% 69% 85% 
Stage II 40% 33% 717% 
Stage III 61% — — 
Three Year Survival 
` Stage I 56% 60% 77% 
Stage II 25% 33% 62% 
Stage ITI 45% — — 
Five Year Survival 
Stage I 56% 43 58% 
Stage II 25% 33% 51% 
Stage III 36% — — 
Ten Year Survival 
Stage I 37% — — 
Stage II 13% — 21% 
Stage III 30% — — 


operative encephalopathy of 50% in stage I, 54% in stage 
II and 80% in stage III. 

The actuarial survival curves, based upon hemody- 
namic stages, are shown in Fig. 2. Stage II survival is 
clearly inferior to that in stages I and III. Much of tais 
is related to the high operative mortality, since the cur~es 
are roughly parallel beyond the first year. Liver failcre 
was responsible for 60% of the late deaths in stage I, 3% 
of those in stage II and 50% of those in stage HI. Tae 
overall incidence of encephalopathy among those gpa- 
«tients who died following discharge from the hospi-al 
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Fic. 2. Survival curves following portacaval shunt, by hemod-- 
namic stage. 
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TABLE 8. Incidence of Encephalopathy by Hemodynamic Stage 


Hemodynamic Stage 


Patient Group I II III Total 
Shunt Patients 5 (56%) 15(58%) 24(77%) 44 (67%) 
Non-Shunt 

Patients 4 (31%) 3 (30%) 0 (0%) 7 (29%) 
Non-Operated 

Patients 8 (57%) 9 (39%) 2 (67%) 19 (48%) 
Total 17 (47%) 27(46%) 26(74%) 70 (54%) 


was 80% in stage I, 60% in stage II and 93% in stage III. 
Among the nine patients still living, all three of those with 
encephalopathy are in stage III. Thus, for the entire 
group, the incidence of encephalopathy by hemodynamic 
stage was roughly equal in stages I and II, and greater 
in stage III (Table 8). 


Non-Shunt Group 


In this group there were 13 cases in stage I, 10 in 
stage II and only one in stage III (Table 6). Stage III 
can not meaningfully be subjected to comparison. Table 
7 shows the results, and the operative mortality in stage II 
was more than twice that in stage I. Liver failure caused 
no deaths in stage I and only one death (172) in stage II. 
Two patients (672) in stage I and two other patients in 
stage II (332) had encephalopathy prior to death, so 
that the postoperative incidence of encephalopathy was 
67% in stage I and 50% in stage II. 

The survival curves (Fig. 3) again indicate that stage 


100 
@—e STAGE I 
90 O——oO STAGE IL 


PERCENT 
ALIVE 


O. | 2 3 4 5 6 7 8 9 10 
YEARS AFTER OPERATION 
SURVIVAL FOLLOWING NON-SHUNT OPERATION BY 
HEMODYNAMIC STAGE 


Fic. 3. Survival curves following non-shunt operation, by hemo- 
dynamic stage. 
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II has the poorest prognosis, but in this instance, also, this 
is primarily related to surgical deaths. No patient in the 
non-shunt group died of liver failure during followup, 
but two patients (332) in stage I had encephalopathy 
prior to their late death from other causes. None of the 
seven currently surviving patients has encephalopathy. 
Thus the incidence of encephalopathy for this entire 
group is low, and approximately equal for both stage I 
and stage II (Table 8). 


Non-Operated Group 


Fourteen of these patients were in stage i, 23 i in stage 
II, and only three in stage III (Table 6). In this group, 
also, there are an insufficient number of stage III patients 
for comparison. The major cause of death was variceal 
hemorrhage, presumably unrelated to hemodynamic stag- 
ing (Table 5). Survival is shown in Table 7 and graphi- 
cally in Fig. 4. Here again the stage II patients fared 
poorly. No patient in stage I, but two (15%) in stage II 
died of liver failure. However, five non- surviving patients 
in stage I and six additional non-survivors in stage II had 
encephalopathy for an incidence of encephalopathy 
among those who failed to survive of 83% in stage I and 
62% in stage IT. 

Among the 16 current survivors in this group, three in 
stage I (432) and one in stage II (132) have encepha- 
lopathy. The incidence of encephalopathy in this group 
is thus significantly higher for stage I than for stage II 
patients ( Table 8). 


Discussion 


Tlie clinical results among these patients are perhaps 
worthy of some comment. Among the shunt patients, the 
operative mortality is unusually high at 35%. If one 
eliminates the 482 mortality for the emergency shunts, 
the 26% mortality for elective procedures is still high as 
compared to reported results between 10 and 31$.1.9.19.14. 
16,20,27,33-10 "The 67% incidence of encephalopathy is also 
among the highest of those reported," 141825,3240,42 and 
it is distressing that 36% of these patients died of 
liver failure. On the other hand, the five and ten 
year survival rates of 352 and 25$ respectively are 
quite respectable when compared to other reported re- 
sults. i $14 16,18,27,33,89 

In most comparable series of non-shunt procedures for 
portal hypertension the surgical mortality has been less 
than the 382 reported here, being in the range of 10 to 
382.177.2172 However, the five year survival of 37% is quite 
comparable to that following portacaval shunts, and to 
the limited similar data for non-shunt operations.!?? The 
relatively low incidence of encephalopathy is similar to 
the experience of others,!*?* and, indeed, is higher than 
most. Recurrent variceal hemorrhage occurred in 472 of 
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Fic. 4. Survival curves following non-operative management, by 
hemodynamic stage. 


the surgical survivors, a common finding with this type of 
operation?! 

The patients managed by medical means are not truly 
a control group, sincé they were selected specifically as 
hemodynamically poor risks for a portacaval shunt. It is 
nonetheless interesting to note that survival is clearly 
better than for those who were treated surgically. Indeed 
the five and ten year survivals of 52% and 32% are better 
than most of those reported for other series of medically 
treated patients in which five year survivals have ranged 
between 20 and 35%.9-15.19.20.28,30.31 Thus, even with the 
high mortality from variceal hemorrhage (43%), this ex- 
perience suggests that the long term risk is less than that 
for operative management. It is notable that 48% of these 
cases had encephalopathy, but this complication was 
often associated with variceal bleeding. 

The major thrust of this investigation pertains to an 
examination of the effectiveness of using hemodynamic 
criteria in the selection of management for patients with 
the surgical complications of portal hypertension second- 
ary to cirrhosis of the liver. To assess this, it is necessary 
to explain how hemodynamics entered into the choice of 
therapy for these patients. Based upon the studies re- 
ported by Warren,*! it was decided that treatment would 
be predicated, as nearly as possible, upon hemodynamic 
considerations. This theory?* holds that stage I patients, 
with normal portal blood flow, will tolerate a portacaval 
shunt poorly with a high incidence of encephalopathy 
and of late liver failure, although the operative mortality 
should be low. Stage II patients should be ideal shunt 
candidates, with a low surgical risk, a good long range 
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prognosis, and minimal danger of encephalopathy and of 
liver failure. In stage III, as a result of advanced liver 
disease, the operative mortality may be high and the 
long-term survival poor, but these factors should be un- 
affected by the shunt. It follows that stage I patients 
should do best without a portacaval shunt. Accordingly, 
non-operative management was initially chosen for these 
cases. However, because of an alarming incidence of fatal 
variceal hemorrhage, this choice was soon altered and a 
non-shunt operation was selected instead. Recognizing 
this process of selection, one would expect that the ma- 
jority of the shunt patients would be in hemodynamic 
stages II and III, and that most of the non-shunt and 
non-operated cases would be in stage I. In fact, after the 
staging criteria were analyzed and revised,** it developed 
that this prediction applied to the shunt patients, but that 
there were a significant number of non-shunt and non- 
operated patients in stage II (Table 6). It should again 
be emphasized that there is nothing controlled or ran- 
domized about this investigation; to the contrary a defini- 
tive choice based upon hemodynamic considerations was 
made in most instances. 

How, then, did these hemodynamic selection criteria 
affect the results of treatment in this group of patients? 
The discussion may first be directed to the shunted pa- 
‘tients. In this group, stage II operative mortality was 
even higher than that in stage III, whereas in theory it 
should have been more comparable to that in stage I. 
Furthermore, liver failure was the cause of postoperative 
fatality in 45% of the stage II patients, higher than the 
«incidence in stage III, and only slightly less than that in 
stage I. Indeed the overall incidence of encephalopathy 
among patients who died in tlie postoperative period was 
50% in stage I, 54% in stage II and 80% in stage III. Yet 
hemodynamic theory would predict that both encepha- 
lopathy and liver failure should be high in stages I and 
III, and that stage II patients should be protected from 
these complications. 

If hemodynamic principles are correct, then long-term 
survival should be best in stage II, with a minimal inci- 
dence of encephalopathy and of late liver failure. Yet, 
in fact, the stage II patients had the worst survival curve, 
and, although the incidence of encephalopathy was less 
among survivors in this stage than in the others, it was 
still 60%. And finally, the overall incidence of encepha- 
lopathy was approximately equal in stages I and II and 
predictably higher in stage III. The conclusion must 
be that hemodynamic selection did not improve either 
the operative mortality or the long-term survival follow- 
ing a portal-systemic shunt. Furthermore, it failed to 
influence the incidence of encephalopathy, except per- 
haps, for a decrease in this complication among stage II 
long-term survivors. 

If the use of hemodynamic selection failed to improve 
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the results of portal-systemic shunts, did it, nonetheless, 
improve the results for patients considered hemodynami- 
cally unsuitable for a portal-systemic shunt? In theory, 
a stage I patient is the worst hemodynamic risk for a 
shunt, and should have an improved survival and a 
lower incidence of encephalopathy and of late liver 
failure if some other form of management is selected. 
In fact, the stage I operative mortality was the same for 
shunt and non-shunt patients at 22% and 23% respectively. 
In stage I the five year survival was 43% for the non- 
shunt patients, whereas for the shunt patients it was 56%. 
In the non-operated series, the comparable survival rate 
was 58%. On the other hand, 31% of the non-shunt pa- 
tients and 572 of the non-operated patients in stage I had 
encephalopathy, an overall incidence of 45% in patients 
without a shunt. This is less than the 56% occurrence of 
this complication in stage I patients with a portal-svs- 
temic shunt. Furthermore, 44$ of stage I patients with a 
shunt died of liver failure, and there were no deaths due 
to this cause among stage I patients in either the non- 
shunt or the non-operated groups. It would thus seem 
that hemodynamic selection did diminish the incidence 
of encephalopathy, and eliminated the risk of death from 
liver failure, but failed to improve the long-term prog- 
nosis. | 

As already noted, stage II is the ideal stage for a 
portal-systemic shunt. Yet in this stage the five-year sur- 
vival for non-shunt patients was 332 and for non-operated 
patients 51%, as compared with only 25% for shunted 
patients. Furthermore, the incidence of encephalopathy 
was 58% among shunted patients in stage II, and only 37% 
among the combined patients in this stage from the other 
two groups. Liver failure was the cause of death in 29% of 
stage II shunt patients and in only 9% of similarly staged 
patients from the other two groups. From this it is clear 
that the selection of stage II patients for a portal systemic 
shunt neither improved survival nor reduced the likeli- 
hood of encephalopathy or of death from liver failure. 

The conclusion from this investigation must be that the 
use of hemodynamic selection criteria neither improved 
the results of portal-systemic shunts nor improved the 
prognosis of patients selected for other forms of manage- 
ment for portal hypertension due to cirrhosis of the liver. 
The use of such criteria did reduce the incidence of 
encephalopathy among long-term stage II shunt sur- 
vivors, and also served to diminish this complication and 
to eliminate death froni liver failure in stage I patients 
chosen for management by means other than a portal- 
systemic shunt. Despite these advantages, however, sur- 
vival was not improved for any group of patients spe- 
cifically by the use of hemodynamic selection. It is true 
that the patients managed by non-operative means had 
the best long-term prognosis but this result could not 
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be 


attributed to the application of hemodynamic 


principles. 

A recent study has raised serious doubts about the 

M reliability of the methods used for preoperative hemo- 
dynamic staging. The present investigation has failed 
to demonstrate any clear-cut clinical advantage to the 
use of hemodynamic selection criteria. Since the tech- 
nics required for such an evaluation subject the patient 
to some risk and to a considerable expense, one must 
seriously question whether there remains any justification 
for their continued use. 
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DISCUSSION 


Dr. GroncE [Jouwsow, Jr. (Chapel Hill): To treat the patient 
with esophageal varices associated with alcoholic cirrhosis is fre- 
quently discouraging and frustrating. It is unfortunate that we need 
to spend so much time, effort and thought on what appears to be 
a nonsurgical disease, occurring in patients that we are frequently 
unable to rehabilitate to a gainful, happy existence. 

We should recognize Warren, Zeppa, Drapanas, Griffen, 
Zuidema, Foster, Womack, to name a few of the members of this 
society who have contributed innovative work to the treatment 
of portal hypertension. These efforts have been a stimulus to the 
entire surgical world to define the best palliative operative pro- 
cedure, or procedures, for bleeding esophageal varices. 

We too have been interested in data that might be useful in 
defining patients that would be best suited for a specific pro- 
cedure. A review of the systemic, hemodynamic, and clinical data 
on 55 patients at the University of North Carolina subjected to 
an ablative operation as treatment for esophageal varices in gen- 
eral agrees with Dr. Smith’s conclusions. When patients who died 
during*the operation or in the postoperative period were examined, 
the Grade C patient, the patient subjected to an emergency op- 
eration, and the patient with a high cardiac index had the higher 
mortality. Preoperative blood volume had no relation to death as 
an immediate result of the operation. 

Rebleeding episodes after the ablative operation occurred less 
in the Grade C patient that survived the operation, while the other 
parameters listed on the slide do not isolate those patients that 
might rebleed; the apparent but insignificant increase in weight 
of the spleen and decrease in platelets in these patients is interest- 
ing. Mean postoperative portal pressure was 300 mm of mercury 
in the group that rebled as well as in the group that did not. 

Most important was the five-year survival, which, as we have 
previously stated, is similar to that reported after other operations, 
All of the Grade A patients have lived five years. The blood 
volume and weight of the spleen was increased in the group living 
five years, and the platelet count tends to be lower. 

The data suggest to us that the aca with an increased blood 
volume, splenomegaly, and hypersplenism is the best candidate for 
an ablative operation in terms of five-year survival. The operation 
seems to be especially appropriate for the good risk patient, since 
it does not interfere with the liver. Just as Dr. Smith, we have 
been disappointed in the lack of a clear-cut correlation between 
the clinical results and the hemodynamic data. 


Dr. Roserr Zerra (Miami): Dr. Smith's very provocative 
paper requires that we comment upon his conclusions in particular. 
I think that to throw away the collection of important data because 
of an assumed risk which has not been documented from these 
studies, at any rate, would be an error. The population of cirrhotic 
patients that we deal with, as so really carefully exposed by my 
colleague, Dr. Warren, is comprised of groups of patients who 
have different hemodynamic states, different functional states. The 
fact that at the present time we are not sufficiently advanced in 
our technology to be able to accurately discriminate within the 
precision limits we would like to set does not mean we should 
depart from the utilization of these techniques for further accu- 
mulation of data. 
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May I remind. you that the patients who have schistosomiasis, 
who have large s»leens, portal hypertension, well-maintained portal 
perfusion to the liver, develop cirrhosis only after a portacaval 
shunt is performed, when they are deprived of their portal per- 
fusion. This is well documented in the liver unit at Sao Paulo, 
under Dr. Reja. He has excellent hemodynamic correlates of this, 
and he has shown us angiographically the development of the 
cirrhotic pattern in these patients two years after the construction 
of a shunt. 

Now, these are patients who normally have good liver function. 
One can detect no abnormalities. Therefore, the conclusion is 
almost inescapalle that in a patient with well-defined, well- 
maintained porta. perfusion to the liver, the acute—and I stress 
the term "acute", because the other major variable we deal with is 
the time frame cf development of Es ERA If, for example, a 
patient may develop excellent hepatic arterial input into the liver 
slowly over a time course as he is deprived of his portal venous 
perfusion, his outcome may be entirely different from the patient 
who has sudden, acute deprivation of his portal perfusion. 

And may I remind you all who don't believe that this may 
happen in the normal to look up Dr. Adams'—famous neurologist 
from Boston—accounts of encephalopathy occurring in patients 
who had portaca-al shunt done as a consequence of iatrogenic 
errors. 


Dr. GaAnpuER W. Smitu (Closing discussion): I have been 
very much interested in the results from North Carolina with 
another form of ronshunt procedure; they have had an extensive 
experience with tais. And I think it is interesting that in their 
experience, also, € would seem that the hemodynamic data, at 
least as we currently understand it, has not helped them, but the 
clinical data has. 

Clearly, it was impossible in this investigation to present the 
results for these same patients as they relate to the clinical staging 
described originally by Dr. Child and others. In fact, in this same 
group of 130 patients, the clinical staging was much more predic- 
tive both of initial risk and of long-term survival than was the 
hemodynamic info-mation. 

I really believe that Dr. Zeppa and I entirely agree as to the 
importance of hemodynamics. I do not think that anyone can deny 
the fact that there is something bad about depriving the liver of 
portal blood flow. The examples which he cites from Sao Paulo 
with schistosomiasis are very real. Both Dr. McDermott and Dr. 
Hubbard have, of course, pointed this out in patients who had, 
as Dr. Zeppa says, an iatrogenic error in having a portacaval shunt 
created, and I thirk we all recognize that teleologically, at least 
as a gut reaction, :here has got to be something real about this 
hemodynamic theory. , 

The problem we have, and the only point that I would make 
in my conclusion fsom the study we have presented this morning, 
is that we do not know what to measure. We do not have the 
techniques, or we d» not have the insight, or for some other reason, 
with all the things we are doing, we have not latched onto the 
proper thing to loo« at in order to isolate those patients who, in 
fact, will do well with a portacaval shunt. Everybody who has 
had experience knows that there are patients who do very well. 
Unfortunately, we still have not found a reliable way to pick 
them out. 


The Meso-Spleno-Renal Shunt Procedures: 


A Comprehensive Approach to Portasystemic Decompression 


Studies of both randomized and nonrandomized patients 
undergoing the selective distal splenorenal shunt confirm 
our previous data on the high rate of patency of the shunt, 
the excellent control of variceal hemorrhage, the continued 
perfusion of the liver with portal venous blood postoperatively 
and the low incidence of encephalopathy which follows 
this procedure. The concept of interposition grafting in a 
“peripheral” position as a means to decompress varices while 
maintaining portal perfusion of the liver is invalid. Although 
the procedure is excellent for the control of hemorrhage, it 
totally diverts the portal venous flow from the liver, whether 
it be a mesocaval or mesorenal interposition procedure. The 
peripheral interposition procedures have failed to lower the 
distressingly high incidence of encephalopathy. This was true 
for both randomized and nonrandomized patients. If a non- 
selective shunt is utilized, procedures should be avoided 
which: a) remove the spleen, thus destroying any possibility 
of a selective distal splenorenal shunt, or b) interrupt the 
portal vein, thus precluding reinstitution of portal perfusion 
of the liver by closure or by conversion to a selective shunt. 


GROWING BODY of physiologic, metabolic and clinical 
data supports the basic concepts utilized in the 
development of selective shunting for the control of vari- 
ceal hemorrhage*? (Fig. 1). These concepts in brief 
are: 1) decompression of the esophagogastrosplenic area 
by a distal splenorenal shunt; 2) maintenance of portal 
venous perfusion of the liver; 3) interruption of collateral 
vessels (i.e. the coronary vein) to minimize loss of portal 
venous blood through the gastrosplenic circulation. Ex- 
tensive studies have clearly documented the effectiveness 
of this procedure in maintaining patency of the spleno- 
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renal shunt, preventing continuing or recurrent hemor- 
rhage from gastroesophageal varices, and achieving con- 
tinued perfusion of the liver by portal venous blood. 
There is a very persuasive evidence of a marked reduction 
in the incidence of portasystemic encephalopathy, but the 
final determination must await the prospective controlled « 
metabolic and clinical studies now in progress.' 
However, every patient is not suitable for the selective 
distal splenorenal shunt. The primary deterrent in this 
regard has been the presence of moderate to marked 
ascites, either alone or in combination with gastrointes- 
tinal hemorrhage. Because the selective distal splenorenal 
shunt does not significantly lower pressure in the intes- 
tinal venous system nor in the sinusoidal bed of the liver, 
it is an ineffective operation for the control of ascites and 
is currently considered contraindicated in such circum- 
stances. Additional conditions mitigating against the use 
of the selective distal splenorenal shunt are: 1) previous 
excision of the spleen; 2) anatomical factors, such as, 
abnormalities in the splenic or renal veins which make 
them unsuitable for an anastomosis; 3) thrombosis of the 
splenic vein; 4) angiographic demonstration of absence 
of portal perfusion of the liver, whether due to occlusion 
of the portal vein or to spontaneous reversal of portal 
flow. A less well defined area concerns the degree of 
urgency for surgery in the control of variceal bleeding. 
Although several distal splenorenal shunts have been 
done under emergent circumstances, a less time consum- 
ing procedure is frequently required. A final indication 
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for thé choice of an alternate procedure is the occurrence 
of tearing or other complications at operation, making 
the splenic vein unsuitable for anastomosis. 

We have recognized the need for a procedure which 

*would: a) be effective in the control of ascites, b) be 
readily substituted should technical factors dictate a 
change from a distal splenorenal shunt, and c) lend itself 
to closure or conversion to a selective splenorenal shunt 
should postoperative encephalopathy be severe. Conse- 
quently, we are currently studying the utilization of 
mesorenal, and splenorenal anastomoses, using the inter- 
position H-graft concept. 

Conversely, Drapanas? has recently given strong im- 
petus to the study of the interposition mesocaval graft 
with the supposition that continued portal perfusion of 
the liver will occur after this procedure. Due to the early 


TABLE 1. Operative Procedures for Portal Hypertension 


(July 1971-November 1973) 


Total Randomized 
Selective splenorenal shunt 17 (0) 11 (0) 
Total shunts 37 (6) 12 (0) 
Gastric devascularization 
(portal-azygos disconnection) 12 (3) 0 
Total 66 (9) 23 (0) 


Overall mortality 14% 
Mortality in elective cases 6% 


(Operative deaths within 30 days appear in parentheses) 
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experience of Drapanas and to the relative simplicity of 
the operative technique, this concept has been widely 
accepted. Our previous studies of the side-to-side spleno- 
renal shunt,? showing diversion of all portal flow from 
the liver, have led us to doubt the basic assumptions 
underlying the utilization of the mesocaval interposition 
graft. In addition, in planning the controlled, randomized 
study of “total” versus the “selective” shunt, it appeared 
desirable to utilize a procedure which could be easily 
closed or converted to a selective shunt should the need 
arise. For this reason, we have undertaken the study of 
these “peripheral” interposition graft procedures, includ- 
ing mesocaval, mesorenal and splenorenal shunts. The 
major questions involved in this study are: 1) Will inter- 
position H-grafts, utilizing synthetic prostheses, demon- 
strate an acceptable patency rate? 2) Will such “periph- 
eral” shunts allow perfusion of the liver with portal 
venous blood postoperatively? 3) Is there a lower inci- 
dence of portasystemic encephalopathy with these “pe- 
ripheral” shunts. 


Results 


All patients were operated upon by, or under the 
supervision of, one of the three authors within the Emory 
University affiliated hospitals system. All operations are 
subsequent to July 1971 until the present, a 29-month 
interval. The shortness of the followup period is stressed, 
to put in proper perspective the evaluation of the data, 
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particularly that related to the development of porta- 
systemic encephalopathy. It is well established that the 
incidence of encephalopathy increases as the time in- 
terval from operation lengthens, and this should be borne 
in mind. Table 1 illustrates the types of surgical pro- 
cedures performed within this study. The number of 
patients involved in the randomized. study is still rela- 
tively small, but the results are useful in assessing certain 
aspects of the total data. The major reasons for non- 
inclusion in the randomized study are the occurrence of 
ascites, the surgical absence of the spleen, thrombosis of 
the portal vein, previous surgical procedures on the portal 
system, or the emergent nature of the operative proce- 
dure. Within the selective distal splenorenal shunt group, 
the number of patients not randomized relates chiefly to 
those referred bv other surgeons specifically to have a 
selective splenor enal shunt performed rather than a 
totally diverting procedure. The overall mortality in the 
series was 14 per cent with there being a 6 per cent mor- 
tality rate for elective operations. The gastric devasculari- 
zation procedure was done primarily for patients with 
diffuse thrombosis of the portal system or in elderly 
patients not suitable anatomically for a distal splenor enal 
shunt, and believed to be a severe risk from the stand- 
point of encephalopathv. 


Patency of the Shunt and Recurrent Variceal 
Hemmorrhage (Table 2) 

Selective Distal Splenorenal Shunt. Eleven of the distal 
splenorenal shunts have been studied angiographically 





Fic. 2. 


Angiographic demonstration of patent distal splenorenal 
shunt. Note venous drainage from the splenic through the left 
renal vein and into the inferior vena cava. 
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Fic. 3. Semi-diagrammatic portraval of the mesorenal interposition 
€ sea aeg. 

graft. A similar procedure utilizing the left renal vein has been 

utilized by Baird et al. 


following the operative procedure. All shunts were patent 
as demonstrated by selective catheterization of the splenic 
artery and venous phase angiography (Fig. 2). Of the 
patients refusing postoperative study, there is no clinical 
indication of occlusion in anv. There has been no re- 
current variceal hemorrhage in the group, with the 
longest follow-up being 28 months. 

Mesorenal and Mesocaval Shunts (Fig. 3). In this group 
there was patency established by angiographic study in 
10 of 11 patients. In one patient with a mesorenal inter- 
position H-graft, there was occlusion of the shunt proven 
angiographically. One patient with a side-to-side spleno- 
renal interposition graft had patency of the graft estab- e 
lished at autopsy, but most of the splen-meso-portal sys- 
tem had thrombosed, which very likely indicates failure 
of the shunt. Of the remainder of the patients in these 
groups, there is no indication of shunt failure as evi- 
denced by recurrent ascites, and there was no recurrent 
gastrointestinal hemorrhage. 

Portal Perfusion of the Liver Postoperatively (Table 2). 
This important aspect of the postoperative physiology of 
the various operative procedures is also studied angi- 
ographically. This is performed in most instances by the 
selective catheterization of the superior mesenteric artery 
with venous phase angiographv. An example of a positive 
angiogram is shown in Fig. 4 in a patient following a 
distal splenorenal shunt; clearly shown is continued portal 
venous How into the liver. By contrast, a negative exami- 
nation is shown in Fig. 5. In this instance, the contrast 
medium is seen passing through a mesorenal shunt and 
into the vena cava. No contrast material is seen perfusing 
the portal venous bed into the liver. In addition, wedged 
hepatic venography in this patient revealed retrograde 
flow from the liver, out the portal vein and to the shunt 
as shown in Fig. 6. An additional technique was used in 
one patient because of the statement that splenopor- 
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Post-Shunt Studies of Portal Circulation 





Patency of Shunt 


Type of Operation No. Studied No. Patent 








06 Patent 





Portal Perfusion of the Liver 
No. Studied 





Selective Splenorenal 12 12 
[nterposition Grafts 15 14 
(mesorenal, mesocaval) 





* Patient with thrombosed mesorenal shunt perfusled iver. 


tography would show perfusion, whereas superior mesen- 
teric angiography would not. This splenoportogram, 
demonstrated in Fig. 7, was in a mesorenal shunt patient 
and clearly shows that there is no perfusion of the liver 
by portal venous blood; the contrast material is passing 
through the shunt out the renal vein and into the vena 
cava. There is some passage of the splenic blood into the 
proximal portal vein because of the inertia of the flow 
system in that direction, but it does not continue into 
the hepatic branches but rather moves retrograde and 
out through the mesorenal anastomosis. 

Twelve patients were studied angiographically after 
mesorenal or mesocaval shunts. In none was there per- 
fusion of the liver by portal venous blood postoperatively 
in the presence of a patent shunt. In the patient with 
an occluded mesorenal shunt continued portal perfusion 
of the liver was clearly evident. In marked contrast, all 
12 patients studied following the selective distal spleno- 
renal*shut showed continued portal perfusion of the 
liver. In one this occurred despite the development of 
a laminar thrombus in the portal vein in the postoperative 
period. In another, the flow to the liver was apparently 
reduced because of the presence of an undiagnosed 
large collateral from the mesenteric to the splenic circu- 
lation. However, there continued to be clear perfusion 
of the portal blood into the liver postoperatively. 

In summary, 12 patients in the mesorenal-mesocaval 





Fic. 4. Angiographic demonstration of continued superior mesen- 
teric and portal venous perfusion of the liver following a selective 
distal splenorenal shunt. SMV identifies the general area of junc- 
tion of the superior mesenteric and portal veins. Note the clear 
filling of the intrahepatic portal system. 
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group were studied postoperativelv, and there was fail- 
ure to perfuse the liver in every instance in which the 
shunt was patent. The only circumstance in which con- 
tinued perfusion of the liver occurred was when there 
was thrombosis of a mesorenal graft. In marked contrast 
were the results in the selective distal splenorenal shunt 
group in which 12 patients were studied postopera- 
tivelv, and in all 12 there was continued perfusion of the 
liver. This is startlingly clear evidence that the concept 
of continued perfusion of the liver following the utiliza- 
tion of an interposition svnthetic graft procedure is in- 
correct. On the other hand, this is further confirmatory 
evidence of previously published data demonstrating con- 
vincinglv that, with utilization of the selective distal 
splenorenal shunt, continued perfusion of the liver can 
be expected with regularity. 

Portasystemic Encephalopathy. Table 3 shows the re- 
sults of all patients in terms of the development of porta- 
systemic encephalopathy. It should be borne in mind 
that these data are accumulated over a 29-month period 
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Fic. 5. Postoperative superior mesenteric angiography following a 
mesorenal Shunt. Note 1) the failure to preserve any portal flow 
to the liver and 2) the patent mesorenal shunt (seen to the pa- 
tient's left side of the vertebral column). 
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Fic. 6. Wedged hepatic venography in the same patient as in 
Fig. 5. Note the patent portal vein with retrograde flow from the 
liver to the shunt. 


and would be expected to increase over the ensuing 
years, based on previous experience of ourselves and 
others. However, there is a marked contrast between 
the selective shunt and the other shunt groups. The 
k “peripheral” shunts which were conceived, in part, to 





Fic. 7. Postoperative splenoportogram in a patient with a meso- 
renal shunt. Again note failure to perfuse liver and drainage 
through the shunt, into the left renal vein and into the vena cava, 
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TABLE 3. Portasystemic Encephalopathy in all Patients 
(1-29 months postoperatively ) 
Type of Number Number % 
Operation of Patients Encephalopathic Encephalopathic 
Selective Shunt 17 1 6 
Portacaval 
Shunt 5 1 20 
“Peripheral” 
Shunts (total) 30 8 27 
Mesocaval 17 4 24 
Merorenal 11 3 27 
Splenorenal 
(H-graft) 2 1 50 





ameliorate this problem are, in fact, shown to have a 
very high incidence of encephalopathy. The three periph- 
eral shunts included in this study, namely, mesocaval, 
mesorenal and splenorenal H-grafts, are all found to be 
encephalopathy-producing procedures, much as one 
would have expected to see following a portacaval 
anastomosis. However, the obvious flaw in these data 
is the factor of selection with the total shunts being used 
for patients with ascites. Consequently, one might rea- 
sonably expect to have a lower incidence of encepha- 
lopathy found in the randomized studies. Table 4 shows 
the data calculated only from the randomized patient 
population; here again, the contrast is marked. However, 
because of the small number of patients involved, these 
data are not statistically significant at the present time. 
It is of interest that two of the patients in the en- 
cephalopathic group from mesocaval shunts have subse- 
quently had their shunts closed. In one, there was marked 
deterioration in liver function, and the patient was op- 
erated upon as a Class C patient with severe jaundice, 
marked hypoalbuminemia and a markedly prolonged 
prothrombin time. She was converted to a distal spleno- 
renal shunt, which procedure she survived, but never 
regained her hepatic function and subsequently died 
some months later. In this instance, the decision to re- 
operate was delayed for well over a year, and in that 
time, the patient underwent marked liver atrophy, con- 
comitantly with the deterioration in her hepatic function. 
A second patient had the onset of encephalopathy while 
still in the hospital and was markedly inactivated by the 
severe symptomatology. He was unable to work or func- 


TABLE 4. Portasystemic Encephalopathy 1n Randomized Patients 
(1-29 months postoperatively ) 


Type of Number Number % 

Operation of Patients Encephalopathic Encephalopathic 
Selective Shunt 11 1 9 
"Peripheral" 

Shunts 12 4 33 

Mesocaval 3 1 33 

Mesorenal 7 2 29 

Splenorenal 2 1 50 

(H-graft) 
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tion in a reasonable manner, even on a 20 g protein diet, 
and for that reason the shunt was closed. Subsequent 
to closure of the shunt, the patient has had no symptoms 
of encephalopathy and has not yet rebled. The selective 
distal splenorenal shunt was not utilized in this instance 
because previous operative procedures had severely 
compromised the opportunity to utilize the selective 
shunting concept. However, of great importance is the 
fact that this symptomatology cleared immediately with 
restoration of the portal flow to the liver. This gives 
strong support to the argument that the loss of portal 
flow is of itself a significant factor in inducing encepha- 
lopathy, as well as the liver atrophy which mav be in- 
cumbant on the loss of the anti-atrophic factor present 
in portal venous blood. 


Discussion 


The current data regarding selective shunting as treat- 
ment for bleeding esophageal varices strongly reinforced 
that previously published by ourselves and others to in- 
dicate the superiority of this procedure in terms of pre- 
venting the complications of portasystemic encepha- 
lopathy. Although it is not yet demonstrated that the 
procedure is superior to conventional portasystemic shunt- 
ing in prolongation of life, these data will become avail- 
able as the randomized study progresses and presumably 
will parallel the lower incidence of encephalopathy. How- 
ever, it appears that only about 50% of patients are 
initially candidates for a selective shunting procedure. 
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Many patients present with moderate or marked ascites 
which is either resistant to medical therapy or occurs 
in association with massive gastrointestinal hemorrhage 
requiring decompression of gastroesophageal varices. The 
current study has been undertaken to assess procedures 
which can be performed a) as a secondary procedure 
should difficulties arise in the performance of a selective 
distal splenorenal shunt, and b) as a procedure for total 
decompression of the portal system (i.e. for ascites) with 
the knowledge that subsequent conversion of the shunt 
to a selective shunt might be indicated. For that reason, 
the mesorenal shunt has been developed and utilized as 
a major procedure in the randomization of our patients 
between the total portasystemic shunt versus the selec- 
tive distal splenorenal shunt. 

The major question asked in this study is: does portal 
venous blood continue to perfuse the liver following a 
mesocaval or mesorenal interposition graft procedure? 
The answer to this question is now clearly negative and 
cannot be stressed too strongly. Drapanas? and others 
have advocated the utilization of the mesocaval inter- 
position graft because of the possibility that continued 
portal perfusion of the liver would occur. Previous 
studies of the side-to-side splenorenal shunt have shown 
that such an occurrence was unlikely, and because of 
the large grafts involved (18 to 20 mm fabric protheses), 
it was felt the likelihood of this occurring with the inter- 
position grafts was extremely remote. The results clearly 
indicate that the concept of continued perfusion of the 


Fic. 8. End of renal to 
side of splenic vein shunt 
with "total" decompres- 
sion of the portal sys- 
tem. Portal venous flow 
is away from the liver, 
thus ameliorating the si- 
nusoidal hypertension. 
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liver after interposition H-graft is erroneous and should 
be abandoned. In these studies, many of the prosthetic 
grafts were smaller (16mm in diameter) and anastomosed 
to a smaller vein (ie. the renal) and yet no perfusion 
of the liver occurred in any patient with a patent shunt. 
However, the utilization of such totally decompressive 
procedures continues to be indicated, particularly in 
the patient with ascites, and it is believed that the meso- 
renal interposition procedure will be a most useful ad- 
dition to our surgical armamentarium. 

An additional question has to do with the patency rate 
of the interposition graft. Drapanas? had previously 
demonstrated that the patency rate was excellent fol- 
lowing the mesocaval interposition graft in which a 
large graft (20 mm) was utilized between the vena cava 
and the superior mesenteric vein. We have confirmed 
the correctness of this concept and have established that 
only one out of 11 mesocaval and mesorenal shunts had 
closed. 

À. problem of great importance in the surgical treat- 
ment of portal hypertension is portasystemic encepha- 
lopathy. Although the time interval between the first 
operation and the date of this initial analysis is only two 
and one-half years, the incidence of encephalopathy in 
the group of patients having a non-selective shunt is 
quite high. This should help clarify the erroneous con- 
cept that the interposition graft procedures would in 
some way reduce the incidence of portasystemic en- 
cephalopathy. This certainly does not appear to be the 
case in this study, and is emphasized by the poor re- 
sults seen thus far in the randomized patients. For this 


ke 
DONIXIP: 
: 










Fic. 9. "Total" renosple- 
nic shunt converted to a 
selective shunt. Note li- 
gation of splenic vein and 
portal azygos disconnec- 
tion aspect of the proce- 
dure. Ín contrast to the 
procedure in Fig. 8, por- 
tal perfusion of the liver 
is maintained. 
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reason, we believe it is important to begin to embody 
the concept of utilization of a shunt for total portasys- 
temic diversion which can be converted later with rela- 
tive ease to a selective shunting procedure. There will 
continue to be instances of emergency operations in 
critically ill patients, those with massive ascites, or those 
in whom technical or anatomic factors prevent the utili- 
zation of the selective distal splenorenal shunt initially. 
Table 1 gives our concept of the various classifications 
of procedures relating to their ability for conversion to 
a selective shunt. The obvious group best suited to this 
are those which may be converted to the selective distal 
splenorenal shunt by simply performing the portal-azygos 
disconnection portion of the procedure and then ligating 
the splenic vein between the anastomosis and the su- 
perior mesenteric vein.’ (Figs. 8, 9). We believe that the 
utilization of these procedures will become more attrac- 
tive if an acceptable patency rate for interposed fabric 
grafts or autogenous veins is demonstrated. Thus far, we 
have not had occasion to attempt to convert such a pa- 
tient to the selective distal splenorenal shunt at a second 
operative procedure. The second most desirable group are 
those in whom conversion to the distal splenorenal 
shunt is feasible, but will require at least one additional 
anastomosis. The final group are considered unsatistac- 
tory because of the preclusion of late conversion to a 
selective shunting procedure. Such procedures are those 
which remove the spleen, thus negating a later selective 
distal splenorenal shunt, or those that totally interrupt the 
portal vein (i.e. an end-to-side portacaval shunt) which 
would preclude portal perfusion to the liver. A potential. 
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improvement with regard to the latter procedure is 
arterialization of the stump of the portal vein, but we 
have had no opportunity to study this concept. 


. References 

l. Baird, R. J., Tutassaura, H, and Miyagishima, R. T.: Use of 
the Left Renal Vein for Portal Decompression. Ann. Surg., 
173:551, 1971. 

2. Drapanas, T.: Interposition Mesocaval Shunt for Treatment of 
Portal Hypertension. Ann. Surg., 176:435, 1972. 

3. Salam, A. A., Warren W. D., Lepage, J. R., Viamonte, M. R., 
Hutson, D. and Zeppa, R.: Hemodynamic Contrasts Between 
Selective and Total Portal-systemic Shunting. Ann. Surg., 
173:827, 1971. 

4. Silver, D., Puckett, C. L., McNeer, F., McLeod, M. and Sabis- 


DISCUSSION 


Dr. THEoporE E, Draranas (New Orleans): Dr. Warren has 
correctly pointed out that many patients are not candidates for 
selective splenorenal shunts, for the reasons that I think he has 
beautifully shown, And for this reason we certainly support him 
in his efforts to find other methods for decompressing such patients. 

You are all aware that the patients with ascites or patients with 
reversed portal flow are not candidates for a selective shunt, and 
we certainly agree with that. In fact, the problem is what to do 
with the poor risk, the B and the C risk patient, who has ascites 
and bleeding. This is the group with the highest surgical mortality, 
as Dr. Smith so nicely pointed out in the previous paper, with 
the regular end-to-side or side-to-side portacaval shunt. 

Id like to simply disagree with Dr. Warren on a couple of 
points, if I might show a few slides. 

(Slide) This slide will confirm what Dr. Foster nicely showed, 
what appears to be a normal splenoportogram. The fact is that 
this is a splenoportogram, obtained in a patient six months after 
an interposition mesocaval shunt. One might now argue in looking 
at this that the shunt has occluded. 

(Slide) This is another study from the same patient. The shunt 
is shown in the bottom left. The shunt is patent, and you can 
*see the vene cava filling out very nicely. 

To simply put the icing on the cake, (slide) this is a selective 
celiac and superior mesenteric angiogram with simultaneous 
injection through both catheters and it shows the vena cava 
apacifying simultaneously with the portal vein. So, indeed, one 
can demonstrate in selected ponen noie continued perfusion of 
the liver. Why does this occur: 

(Slide) If you look at all patients who have cirrhosis, you are 
going to find, as Dr. Warren has nicely shown, that some patients 
have such severe cirrhosis and high portal resistance that they 
are going to have reversed flow even before a shunt. 

(Slide) After a mesocaval shunt—and this is now 70 patients— 
the residual portal pressure was: 175 mm of water or about half 
the preshunt pressure. We think that this high portal pressure 
is important. 

(Slide) Folowing a standard side-to-side portacaval shunt, 
one can see, for example, that after the shunt the portal pressure 
drops to about 55 mm of water with a corresponding drop in 
portal resistance. Measured portal flow is to the vein only 100 ml 
per minute, whereas the flow through the shunt is 900 ml per 
minute. This is not an unusual phenomenon seen after this type 
of shunt. 

Following a mesocaval shunt, the portal pressure drops only 
to 175 mm of water. Because the total portal resistance is higher, 
a higher portal flow is maintained. 


The summary of the entire problem, then, is that flow to the 
liver is dependent not only on pressures, but the resistance. And 
if one looks at end-stage cirrhotics with severe ascites, you're 
not going to get much flow to the liver. On the other hand, if 
you apply a mesocaval shunt to patients who have a low sinu- 
soidal resistance, as we showed on some of our slides—then you 
wil get perfusion. 

Dr. RoBEnT Zerpa (Miami): I thought you might like to hear 
of some data which supports Dr. Warren's contention. 
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As you know, the distal shunt began in 1966, and to July of 
1973, this year, there were 55 patients in that series in the 
Miami group. We have begun bringing the survivors from the 
initial experience back for evaluation, and I'm happy to report 
that in our protein tolerance studies on those survivors they have 
remained as they were preoperatively. And included in that group 
is one gentleman who was operated on at age 66, who is now 
over 70, and this is a rather remarkable finding in a patient with 
a patent shunt, to have normal protein tolernce this long after 
this kind of a diversion. 


Dn. GILBERT S. CAMPBELL (Little Rock): Dean Warren and 
I were sitting behind Dr. Drapanas when he arose and presented 
the mesocaval H-graft at the American Surgical in 1972. Drs. Read, 
Thompson et al. reported the experience of our Surgery Depart- 
ment with mesocaval H-grafts and prefer vein grafts for inter- 
position (Archives Surgery, 101:785, 1970). More recently Drs. 
Thompson and Read have utilized the autogenous jugular vein 
for interposition grafting in portal hypertension (South. Med. J., 
66:818, 1973). I prefer an autogenous vein to cloth for inter- 
position grafting in the venous system, Regarding priority, Drs. 
Lord, Foster, Symbas and others used H-grafts long ago. 


Dr. Dean Warren (Closing discussion): First, let me say 
unequivocally that the splenoportogram shown by Dr. Drapanas 
is typical of that seen with a thrombosed shunt. The catheter in 
the superior mesenteric vein is then passed beyond the thrombus, 
which we have also done several times. One does not have to go 
to this type of study in order to assess the patency of the shunt 
or perfusion of the liver. Simple selective angiography of the 
superior mesenteric vascular system is quite definitive. If the 
contrast media will pass a 20 mm opening in the side of the 
superior mesenteric vein, then it theoretically could go on up into 
the liver; but why should it go past an opening that is bigger 
than the portal vein itself and has a very low pressure? We have 
measured the sinusoidal pressure in the liver, and after the H-graft 
procedures, they are as low as after a portacaval shunt. Conse- 
quently, there is no way that one can really demonstrate con- 
tinued perfusion of the liver following a mesocaval interposition 
graft except in instances in which there is thrombosis or partial 
closure of the shunt. However, Dr. Drapanas emphasized, cor- 
rectly I believe, the major problem of patients who bleed and 
have concomitant massive ascites, We are currently trying to 
work on a procedure which will decompress the bleeding varices 
and be then readily convertible to a selective type shunt at ‘a 
later time. 

I appreciate Bob Zeppa's comments. He is following the original 
group of patients in Miami and restudying them in many instances. 
This, of course, is not a randomized series so it won't be helpful 
in terms of survival of patients, but it should add additional light 
on metabolic studies such as those he brought out today. 

Also, let me emphasize again that I recognize the contributions 
from Little Rock: I appreciate very much their interest in this 
subject, and they have done a great deal of good work in this 
field, and Y believe that they are helping to improve the treatment 
of this group of patients across the country. 


IIl and 6 patients Class IV (NYHA). 
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The Adult Atrial Septal Defect: 


Results of Surgical Repair 


M.D., EDWARD F. PARKER, M.D., JACK E. ARRANTS, M.D., 
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Atrial septal defect repair utilizing cardiopulmonary bypass 
was performed in 33 adults aged 40—65 years between 1963 
and February 1973. Before operation 23 patients were Class 
Eighteen patients 
manifested varying degrees of congestive heart failure and 
8 patients had atrial fibrillation before operation. Cardiac 
catheterization was performed on all patients and revealed 
a pulmonary arterial mean pressuxe in excess of 30 mm Hg 
in 23 patients; however, no positive correlation between 
age, functional classification, and pulmonary hypertension 
were observed. Thirty-two patients (97% ) survived opera- 
tion. The one operative death was attributed to congestive 
atelectasis and intractable arrhythmia. Three late deaths oc- 
curred at 8, 9 and 15 months following operation. Two of 
these patients demonstrated initial clinical improvement. 
The most common type of defect was of the secundum va- 
riety, and primary closure with a prosthesis was most com- 
monly employed. Twenty-nine patients (8796) are living 
and well 6 months to 10 years following operation. These 
patients have all demonstrated an improvement in functional 
class. A significant reduction in cardiac size has also been 
observed. Operative treatment is indicated for repair of 
atrial septal defect in the adult patient and a considerable 
clinical and hemodynamic improvement can be anticipated. 


TRIAL SEPTAL DEFECT is the most common congeni- 

tal cardiac anomaly encountered in adults.1:3-4.6-19 
This is in part attributable to the benign course pro- 
duced by this anomaly generally until the onset of pul- 
monary hypertension; however, once symptoms appear, 
rapid progressicn to functional disability or death from 
congestive heart failure generally occurs.9?? The surgi- 
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cal repair of atrial septal defect is usually straightfor- 


ward unless an ostium primum defect or other associ- 


ated anomaly is encountered. This report tends to sub- 
stantiate further the opinion*^!1192? that operation for 
closure of an atrial septal defect in the adult is not only 
appropriate but mandatory in that the mortality and 
morbidity of the procedure are low, and symptomatic 
improvement of the patient is significant. 


Materials and Methods 


In a ten year period from 1963 a total of 33 patients 
over 40 years of age have had surgical correctior of an 
atrial septal defect. The patient profile is shown in 
Table 1. The age range was 40-65 years with the aver- 
age 50 years. There were 27 females and 6 males, 30 
Caucasian and three Negro. 

The history, physical examination, chest roentgeno- 
grams, electrocardiogram and right heart catheteriza- 
tion were completed prior to operation in all patients. 
Presenting symptoms were recorded from the hospital 
chart before operation. Symptoms following operation 
were taken either from the out-patient records or 
by personal patient communication. Cardiac size was 
interpreted as cardiothoracic ratio calculated from 
standard postero-anterior chest roentgenograms, and ex- 
pressed as a percentage of maximal internal thoracic 
diameter. The New York Heart Association classifica- 
tion® was utilized to categorize functional impairment. 

Pulmonary arterial mean pressure was determined 
electronically. Pressures less than 20 mm were consid- 
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TABLE 1. The Adult Atrial Septal Defect: Patient Profile 
No. Patients 33 
Age Range 40-65 Yrs. (Avg. 50) 
Sex Female 27 
Male 6 
Race White 36 
Negro 3 


ered normal. Pressures in excess of this value were classi- 
fied as mild (20-30 mm of Mercury), moderate (30-40 
mm Hg) or severe (greater than 40 mm Hg) pulmonary 
hypertension. The pulmonary to systemic flow ratio 
(Qp/Qs) was determined in all patients. Flow ratios 
less than 3 to 1 were considered small, 3 to 1 as mod- 
erate, and greater than 3 to 1 as large. 

Operation was performed through either a right anter- 
olateral submammary thoracotomy or a median stern- 
otomy utilizing cardiopulmonary bypass. The nature and 
location of the defect as well as associated anomalies are 
listed in Table 2. The secundum defect was the most 
common type encountered. The type of repair is listed 
in Table 3. Primary closure of the defect with a con- 
tinuous suture was the repair most commonly employed. 
Occasionally interrupted mattress sutures were used with 
small synthetic fabric buttresses when the margins of 
the defects were tenuous. Dacron or Teflon fabric patch 
graftsewere employed in 12 patients. One patient with 
a partial anomalous pulmonary venous return to the 
superior vena cava required fabric reconstruction in 
order to divert the venous return into the left atrium. A 

«tricuspid annuloplasty was performed in one instance of 
tricuspid insufficiency. 

All patients in the series were followed after operation 
until death or to within six months of this report. The 
duration of the follow-up period ranged from 6 months 
to 10 years. 


Symptoms 


In Fig. 1 are shown symptoms recorded before and 
after operation in 32 patients. The majority of patients 


complained of dyspnea, fatigue, malaise, and general 
TABLE 2. The Adult Atrial Septal Defect: Anatomy and Associated 
Anomalies 
Atrial Septal Defect 3 
Sinus Venosus 29 
Secundum 1 
Primum* 


Associated Anomalies 
Anomalous Venous Return (Partial) 
Right Atrium 
Superior Vena Cava 
Left Superior Vena Cava/Coronary Sinus 
Tricuspid Insufficiency 
Pulmonic Stenosis (Valbular) 


Be pm Wd om ND 


* No associated cleft in mitral valve. 
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TaBLE 3. The Adult Atrial Septal Defect: Type of Repair 


Atrial Septal Defect 


1. Primary Closure 21 

2. Patch Graft (Fabric) 12 
Anomalies 

1. Fabric Reconstruction (PAVR-SVC*) 1 

2. Pulmonary Valvulotomy 1 

3. Tricuspid Annuloplasty 1 


* Partial anomalous venous return to superior vena cava 


diminished activity tolerance. Eighteen patients mani- 
fested varying degrees of congestive failure, and eight 
patients were in atrial fibrillation. Functional disability 
assessed according to the New York Heart Association. 
classification before and after operation is shown in Fig. 2. 


Physical Examination 


A systolic ejection murmur in the pulmonic area, right 
ventricular heave, increase in intensity of the first heart 
sound, and fixed splitting of the second sound were char- 
acteristic in the majority of the patients. It is of interest, 
however, that the diagnosis recorded following initial 
preoperative examination as noted in Table 4 was er- 
roneous, that is other than atrial septal defect, in 15 
patients. 


Radiologic Findings 


Cardiothoracic ratio ranged from 50-78%, being 
greater than 50% in all patients, and over 60% in ten. The 
enlarged pulmonary artery and pulmonary plethora was 
interpreted in three patients as a hilar mass “etiology un- 
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Chest Pain Palpitation Congestive © Dyspnea/ 
Failure Fatique 


PATIENTS 





None 


SYMPTOMS 


Fic. 1. Symptoms before operation were recorded from Hospital 
chart. Symptoms following operation were taken either from out- 
patient records or by personal communication with patient. 
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FUNCTIONAL CLASS - NYHA* 


NUMBER OF PATIENTS 


CLASS BEFORE 
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Fic. 2. Functional classification assessed before and after operation 
is illustrated. 


AFTER 


A 
AQ 


determined” and led to exploratory thoracotomy in two 
patients (Fig. 3). 


Hemodynamic Data 


The results of cardiac catheterization are illustrated 
in Table 5. In 30 patients there were varying degrees 
of pulmonary hypertension. No direct correlation be- 
tween advancing age and degree of pulmonary hyper- 
tension could be demonstrated. The systemic to pul- 
monary flow ratio was greater than 2 to 1 in 26 patients. 


Fic. 3. Representative 
chest roentgenograms of 
patients who were ex- 
plored for right (left) 
and left (right) hilar 
mass, “etiology undeter- 
mined.” 
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TABLE 4. The Adult Atrial Septal Defect: Preoperative Diagnoses 
(Initial )* 
No. 
1. Atrial Septal Defect 18 


2. Hilar Mass “Etiology Undetermined” 
(2 Explored-Thoracotomy ) 

. Valvular Heart Disease 

4. Ventricular Septal Defect 


o» 
Ow 


, 
~~ 








* As recorded following initial examinations 


Results of Operation (Table 6) 


Thirty-two patients (97%) survived the operation. The 
one operative death was attributed to congestive atelec- 
tasis and intractable arrhythmia. The clinical and radio- 
graphic picture was one of perfusion lung. This patient's 
course might have been anticipated in spite of his rela- 
tively young age of 41 years because the mean pul- 
monary artery pressure before operation was 70 mm Hg. 
Three late deaths occurred at eight, nine and 15 months 
postoperatively. Two of these patients had mild, and 
one patient severe, pulmonary hypertension. All three 
patients had pulmonary-systemic flow ratios in excess 
of 3 to 1. The patient with severe pulmonary hyper- 
tension had associated anomalous pulmonary venous re- 
turn to the superior vena cava requiring a Dacron fabric 
reconstruction for total correction. At autopsy thrombus 
was found on and about the synthetic patch obstructing 
flow from the right pulmonary veins. 

All surviving patients improved svmptomaticallv im- 
mediately after operation (Fig. 1) and all but three have 
had sustained improvement. Fourteen patients were 
totally symptom-free. All but one patient demonstrated 
an improvement in their NYHA functional classification 
( Fig. 2). 


Following operation, the cardiothoracic ratio showed 
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TABLE 5. The Adult Atrial Septal Defect: Catheterization Data 
Obtained Before Operation 





Pulmonary Artery mm Hg No. 

Pressure (Mean)* 20 3 

20-30 i2 

30-40 12 

| 40 6 
Flow Ratio Qp/Qs 

2:1 7 

2:1 to.3:1 13 

3:1 B 


* Obtained electronically. 


a significant decrease to an average of 52%. In five pa- 
tients the ratio returned to normal. 


Complications (Table 7) 

In 24 patients some form of pulmonary complication, 
either localized or diffuse atelectasis or pneumonitis was 
encountered. In four patients tracheostomy was requir ed 
in addition to treatment with diuretics, positive pressure 
ventilation, and steroids. Cardiac arrhythmia generally 
consisted of atrial fibrillation and was controlled by 
digitalis. The one patient having an episode of cardiac 
arrest was successfülly resuscitated, and she is now liv- 
ing and well. 


Discussion 


Atrial septal defect encountered in the adult patient 
is a surgical entity for which repair should be recom- 
*mended. In the absence of symptoms, closure is recom- 
mended. to prevent recognized complications such as 
pulmonary hypertension,? congestive heart failure,!? in- 
tractable arrhythmia,!® bacterial endocarditis;?! and sys- 
temic as well as pulmonary embolism.’ The results of 
operation in patients with atrial septal defect (ASD) 
who had not developed these complications were ex- 
cellent in our series as well as others.3.4.7,11,15.19,20 

With increasing age the ASD imposes greater physio- 
logic impairment with greater disability, and greater op- 
erative risks;? however, age alone should not contra- 
indicate operative treatment for atrial septal defect.1?:19.2? 
Dave' reported greater functional disability, greater 
heart size, and a greater instance of atrial fibrillation in 
patients older than 50 years. At the same time, he re- 


TABLE 6. The Adult Atrial Septal Defect: Result: 


Operative Mortality 1 3% 
Followup 
Living and Well 29 87% 
Dead 
Class IV— 1 
Class III— 1 10% 
Class IV— 1 
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TABLE 7. The Adult Atrial Septal Defect: Complications after 
Operation 
Pulmonary Requiring | 
Atelectasis/Pneumonitis Tracheostomy 
Localized 20 1 
Diffuse (Perfusion Lung) 4 3 
Cardiac 
Arrhythmia 11 
Congestive Failure 5 
Cardiac Arrest 1 
Hemorrhagic 
Gastrointestinal 1 
Femoral artery 2 
Other l 
Tracheal Stricture i 
Lymph Fistula 2 
Thrombophlebitis 3 


ports along with other investigators favorable results in 
the repair of atrial septal defect in adults and elderly 
patients.:$?? In the present series we were unable to 
demonstrate a significant correlation between patient 
age and either functional impairment or results of op- 
eration. We feel that sustained clinical and hemody- 
namic beriefit can be achieved even in patients with ad- 
vanced age and cardiac disability. If we agree with 
Perloff that our primary long-term objective is to en- 
hance the quality of life then the risk imposed in 
operating on the elderly patient with ASD is unquestion- 
ably justified. 

Error in the diagnosis of atrial septal defect is fre- 
quent even though it is the most common of a broad 
spectrum of congenital anomalies encountered in adult 
patients. Several patients in this series as well as 
others?!? were thought for many years to have mitral 
stenosis. Three of our patients were labeled as “hilar 
mass, etiology undetermined” and exploratory thora- 
cotomy was performed on two. The relatively minor 
symptom complex with which many of these patients may 
present is perhaps some basis for the high incidence of 
erroneous diagnosis. 

Complications following the operative procedure were, 
as reported in most series, related primarily to pulmo- 
nary congestion or atelectasis or both.1917 A well rec- 
ognized syndrome of congestion, vasculitis, and focal- 
atelectasis may occur after cardiopulmonary bypass;? This 
is attributable to the combined effects of perfusion upon 
the susceptible pulmonary vascular bed present in long- 
standing pulrionary hypertension. Improvéments i in extra- 
corporeal circulatory techniques including hemodilution 
and the incorporation of blood filters? to remove particu- 
late debris from the. perfusate will probably reduce the 
incidence of such pulmonary complications in the future. 
Thromboembolic complications previously reported? fol- 
lowing repair of atrial septal defects were not encoünt- 
ered in this series. 

Cardiac catheterization following. repair of the atrial 
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septal defect was not performed in this series. Significant 
reductions in the pulmonary arterial pressure have been 
observed in the post-operative hemodynamic studies re- 
ported.®718 Interestingly the reduction occurred in all 
age groups and functional classes, but was more signifi- 
cant in patients with moderate or severe pulmonary 
hypertension. Thus the bleak prognosis formerly held 
for patients with demonstrated pulmonary vascular dis- 
ease secondary to an atrial septal defect is not justified. 
Calculated pulmonary to systemic vascular resistance has 
been demonstrated to rise post-operatively. This phe- 
nomenon suggests that an adjustment in pulmonary 
arteriolar tone occurs following operation reflecting little 
or no regression of pulmonary vascular disease. This oc- 
curs in the face of obvious clinical improvement, prob- 
ably as a result of considerable reduction in the volume 
and pressure load on the right ventricle. - 
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Dn. WiLLiAM H, Murer, Jr. (Charlottesville): Like Dr. 
Parker, we believe that nearly every adult with an atrial septal 
defect should have it closed: We also agree that symptoms do not 
correlate necessarily with the degree of pulmonary hypertension. 
However, the appearance of bona fide symptoms indicates that 
the patient is getting into difficulty. 

Exercise during cardiac. catheterization may elicit excessively 
high pulmonary artery pressures when the resting pressure is 
low, suggesting that there may be a significant increase in the 
pulmonary vascular resistance. | 

One has little concern about operating on the patient with a 
large defect and high shunt fow, regardless of the pulmonary 
resistance or the age. It is the large defect with a low or minimal 
shunt, indicating a very high resistance, that presents the greater 
operative risk. In such a patient, it is likely that significant pul- 
monary vascular changes of wall thickening and luminal narrowing 
liave occurred. | 

(Slide) This slide shows you a small pulmonary arteriolar 
vessel, and there is thickening of the wall There is, however, 
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an excellent lumen through it, and the resistance in this patient 
was not very high. 

(Slide) This shows what we wish to avoid in these patients, 
by operating upon.them earlier. Here we have a vessel of similar 
size, with marked medial hypertrophy, intimal fibrosis, some 
thrombosis, but with beginning recanalization; this patient ob- 
viously had a very high pressure. 

The patient with a bidirectional shunt will usually tolerate the 
closure, although postoperative pulmonary complications and à 
longer period of morbidity, as Dr. Parker has mentioned, are more 
likely to occur. The use of pulmonary vasodilators in the post- 
operative period in such patients and vigorous postoperative chest 
physiotherapy are usually helpful. - . | 

The rare patient who is visibly cyanotic—and he is a rare 
patient indeed—has irreversible pulmonary vascular changes and 
will not tolerate closure. | 

A lung biopsy obtained at the time of operation may be of 
prognostic value in the patient who does have a very high 
pulmonary resistance. 

. We have seldom used a patch to close the septum secundum 
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type, but always use one in the patient who has a septum primum 
defect. 

We have operated upon 135 patients over the age of 21, as 
opposed to 40 in their series. Of these, 131 had septum secundum 
defects, and the other four had primum defects, with a mortality 
of three of these patients, or 2.2%, 


Dn. James W. Pate (Memphis): What are proper indications 
for operating on atrial septal defects in the adult, today? Follow- 
ing the controversy and flamboyant personalities of the previous 
subject, portal hypertension, atrial hypertension doesnt seem 
quite so exciting. 

We have been interested in atrial septal defects in the elderly, 
ie. fifth and sixth decade. I will mention our experience with 
: atrial septal defects of the secundum type, in patients over 50 
years of age. The indications for surgery that we have used have 
been predominantly those of: symptoms due to heart disease, 
a Qp:Q ratio of about two to one, pulmonary hypertension, or, 
more importantly a progression of some of these criteria, such 
as an enlarged heart on x-ray or electrocardiogram, & change in 
P-2 sound, or palpable P-2 closure. 

I would like to disagree with Dr. Parker on a semantic point, 
i.e., the level of ‘eater hypertension. He defines it as 20 mm 
of mercury, systolic, and I think in an elderly patient, certainly, 
this is questionable. We have used a considerably higher figure. 
Using our criteria and reviewing his cases, we would have 
operated on only about 80 to 85% of his patients. 

In elderly patients we have seen two pictures, neither associated 
with pulmonary hypertension per se. One (which has been the 
biggest problem to us) is the patient with rhvthm disturbances, 
particularly atrial flutter, which are very resistant to control. 
This has been important in patients who have undergone anes- 
thesia and surgery for other lesions, such as laparotomies, and 
have gotten into rhythm difficulties. Sometimes the patient was 
not even known to have congenital heart disease; in other cases 
it was known, but the importance and the frequency of the 
disturbánce was not appreciated. 

The second group of patients has been those elderly people, 
usually 60- to 65-year-old females, who have had marked restric- 
tion of exercise tolerance, easy fatiguability, and have become 
almost cardiac cachectics, restricting their activity more and more 
as the years go by. In talking to these people, they will deny 
any major symptoms, and yet you will find that some of them 
only walk from the car to the door of the house, a matter of a 
few yards, and this is the extent of their exercise. 

These two patterns—rhythm disturbance and decreased exercise 
tolerance—are the ones we see in the 60s with ostium secundum 
defects. 

In the latter group of patients, it’s impressive that recovery 
after surgery is a long, slow process. It takes weeks or months. 
Our operative mortality has been zero in these patients, but they 
do not recover their right ventricular function and their exercise 
tolerance quickly. In view of our experiences and the paper pre- 
sented here, I would like to ask Dr. Parker and his associates a 
specific question: Should we look at an atrial septal defect as 
we do a patent ductus arteriosus; is its presence an indication for 
closure in the absence of some major contraindication? 
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Dr. James R. Jupe (Miami): I wish also to compliment the 
authors on this excellent presentation. I think, however, that 
maybe they are presenting it to the wrong discipline and I hope 
they also present this data to the internists, the cardiologists, 
because recently we have had two adult atrial septal defects, both 
of which were followed for many years by good cardiologists 
giving various medical treatment. I look at the results from the 
closure of these atrial defects much as I look at the results of 
surgery on patients who are followed also by many internists 
with very symptomatic hiatus hernias. Both groups of patients, 
until after they are operated upon, didn't realize life could be 
so good, for after the operation their life is completely changed. 

We have done a number of adult atrial septal defects, I don't 
recall the exact number, but at least 15, with one death; in fact, 
the only death we have had in well over 100 atrial septal defects 
in children and adults. This one patient died suddenly three days 
postoperatively, found by the nurse when she came back to get 
the tray after the patient had eaten his Ta meal. This ‘case 
brings up what I think is a problem in the immediate postoperative 
care, and that is arrhythmias. I'd like to ask the authors just how 
they follow their patients immediately postoperatively. We now 
keep our patients either in the intensive or coronary care unit 
with EKG monitoring for at least 72 to 93 hours. 


Dr. PETER Hamsron (Closing discussion): I would like to 
demonstrate the primary reason for which this study was initiated. 
(Slide) This chest x-ray was presented by the resident staff at a 
pulmonary conference, after the patient had undergone exploratory 
thoracotomy for a "right hilar mass." This demonstrates the ease 
with which the diagnosis of atrial septal defect can be missed, 
especialy in the adult. 

(Slide) As a reminder that this happens in the best of families, 
I want to show another such patient who also underwent explora- 
tion, by none other than Dr. Parker himself. In both cases subse- 
quent closure of the atrial septal defect was performed without 
difficulty, and the patients are living and well. 

The study bears out our original impression that even though 
ASD is the most common congenital heart anomaly encountered 
in adults, the diagnosis is frequently missed. 

I would like to thank the discussants, Dr. Jude, Dr. Muller 
and Dr. Pate. We certainly agree with Dr. Jude that it would 
be appropriate to present this material to the cardiologists. We 
suspect that our own cardiologists are following several patients 
with atrial septal defects in the elderly age group. 

In answer to Dr. Pate, I would like to say that we feel defi- 
nitely that the adult patients with the ASD should undergo 
closure even if asymptomatic. This is by virtue of the fact that 
we know that if the patient lives long enough, he will very likely 
develop one of the well-known complications of the ASD such 
as pulmonary hypertension, atrial fibrillation, and congestive heart 
failure. l 

Finally, we feel that if we agree that our ultimate goal is to 
prolong, as well as enhance the quality of life, then we feel on 
the basis of our experience, and similar reports in the literature 
that the closure of the atrial septal defect in the adult patient is 
justified. | 


The Pulmonary Artery Lesion After Banding: 


The pulmonary artery in 30 piglets was banded with cotton 
umbilical tape, Teflon tape, or 2 different thicknesses of 
silastic tape reinforced with Dacron. The arteries were 
examined grossly and microscopically at intervals up to 8 
months. Seven animals developed right-sided heart failure 
within 12 days and 6 months of banding. Four of these died; 
a fifth piglet died of pulmonary thromboembolism 6 months 
after banding. It is concluded from these studies that silastic 
tape, reinforced with Dacron tricot, and measuring 0.5 mm 
thick and 5 mm wide, is the most suitable material yet 
employed for pulmonary artery banding. It has been used 
in four infants. 


N 1952, MULLER AND DAMMANN?! published the first 
I report of pulmonary artery banding to reduce exces- 
sive left-to-right shunting through a ventricular septal 
defect. The procedure was done to protect the lungs from 
irreversible vascular changes until the cardiac defect 
could be corrected by open-heart surgery. Muller and 
Dammann removed a wedge-shaped portion from the 
wall of the pulmonary artery; sutured the edges together 
to create a smaller lumen; and then further constricted the 
artery by banding it with a 1 cm wide band composed of 
several layers of polyethylene film sutured over cotton 
umbilical tape. 

Since 1952, their technique has been modified 9-152532 
and many other banding materials have been used: cello- 
phane,??7 silk,?® cotton umbilical tape,^?:2239 nylon, 12.19 
Teflon7173 and Dacron.*5 All of these materials cause 
a reaction in the wall of the pulmonary artery and in 
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surrounding tissue, the reactions include severe fibrosis 
and incorporation,*9182639 and calcification.^!9?* In 
some instances the band has cut through the vessel 
wall*1*35 and in others, it has migrated from the*site of 
banding.*! These reactions and complications make de- 
banding difficult or impossible, and increase the risk of 
the final corrective procedure. 

Although current practice allows safer and earlier define 
itive surgical treatment in many young children with 
heart disease, experience thus far indicates the need for 
palliative banding in a significant number of desperately 
ill infants who are too small to allow complete correction 
of their defect. Pulmonary artery banding will therefore 
continue to be an important palliative measure in some 
neonates with cardiac disorders. 

The difficulty encountered when we attempted to de- 
band cotton or Dacron tapes? led us to experiment with 
other materials and to carry out a study of the lesions 
produced by banding with these materials. 


Materials and Methods 


Thirty domestic piglets, 2-3 months old and weighing 
10-35 kg (average 22 kg) were divided into 4 groups 
based on the materials used for banding: Group I (8 
animals )—cotton umbilical tape (braided, 3.5 mm wide); 
Group II (9 animals)—Teflon tape (braided, 4 mm wide, 
0.5 mm thick); Group III (10 animals)—silastic tape re- 
inforced with Dacron tricot (5 mm wide, 0.5 mm thick);* 


* Silastic Sheeting, Dow Corning Corporation, Medical Products 
Division, Midland, Michigan. 
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and Group IV (3 animals)—thicker silastic tape rein- 
forced with Dacron tricot (5 mm wide, 1 mm thick. ) ° 
Banding of the pulmonary artery was done as follows: 
Food was withheld from the animals for 15 hours. They 
were then given atropine sulfate (0.04 mg/kg intramuscu- 
larly) and anesthetized with intravenous sodium pento- 
barbital (30 mg/kg supplemented when necessary). The 
trachea was intubated and respiration was maintained 
with a Harvard respirator. Under sterile conditions, the 
right femoral artery and vein were cannulated for pres- 
sure monitoring and drug infusion. The left hemithorax 
was opened through an anterolateral thoracotomy in the 
third intercostal space. The pericardium was opened 
transversely over the main pulmonary artery anterior to 
the phrenic nerve. The circumference of the pulmonary 
artery was measured. The banding material was slipped 
under the artery 1 to 1.5 cm distal to the pulmonic ring 
and tightened around it until the systolic pressure in the 
distal part of the pulmonary artery became approximately 
one-third less than that in the right ventricle, and a vig- 
orous thrill could be felt distally along the artery. The 
band was then sutured together with mattress sutures of 
5-0 Dacron and fixed to the pulmonary artery with 2 
anchoring sutures. The circumference of the artery was 
again measured at the constricted site. The pulsatile and 
mean pressures in the systemic artery and vein, the right 
ventricle and the pulmonary artery distal to the band 
were measured simultaneously before and again after 
banding with a Statham pressure transducer and an Of- 
fner recorder. The chest was closed in layers after a 
chest catheter had been inserted for pleural drainage. 
Operative debanding was attempted in 1 animal each 
from Groups I, II and III at 1.5 months and 3 months 
after banding and in 2 animals from each of the 4 groups 
6 months after banding. Just before and again just after 
debanding, the pressure in, and circumference of, the 
pulmonary artery were measured on each side of the 
banded area. All animals were sacrificed after debanding 
except for 2 animals each from Groups II and HI, and 1 
animal from Group IV. These 5 animals were debanded 
6 months after constriction and were kept alive 2 to 3 
months longer so that we could study the changes that 
followed debanding. At the time of each debanding, 1 


TABLE 1. Average Pressure in the Right Ventricle and Pilmonary 
Artery after Banding 

Right Pulmonary Systolic 

Ventricle Artery Gradient 

Group (mm Hg) (mm Hg) (mm Hg) 
I (cotton) 30/10 20/16 10 
Il (Teflon) 32/9 21/18 11 
III (silastic) 28/11 18/16 10 
IV (thick silastic) 35/12 20/16 15 


? Silastic Sheeting, Dow Corning Corporation, Medical Products 
Division, Midland, Michigan. 
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TABLE 2. Comparison of Pulmonary Artery Pressure Proximal and 
Distal to the Banded Segment Before and After Debanding 6 
Months after Banding 


Before Debanding Aíter Debanding 





Animal Proximal Distal Proximal Distal 
No. Material (mm Hg) (mm Hg) (mm Hg) (mm Hg) 
1 Teflon 37/32 25/23 37/30 24/22 
2 Teflon 45/35 32/27 44/36 32/28 
3 silastic 55/23 20/16 54/23 25/18 
4 thick 
silastic 39/34 18/16 37/34 23/22 
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animal from the respective group was sacrificed so that a 
lesion not debanded could be examined. The remaining 
surviving animals were kept alive until 8 months after 
banding. The heart and pulmonary artery of all sacri- 
ficed animals were examined grossly, the pulmonary 
artery sectioned longitudinally, stained with hematoxylin 
and eosin, Verhoeff’s and van Gieson’s stains, and exam- 
ined microscopically. 


Results 


Pressure Changes 


The average pressure in the right ventricle and in the 
pulmonary artery in 30 animals before banding the pul- 
monary artery was 20/6 and 20/16 mm Hg respectively. 
The average pressure changed to 31/10 and 19/16 mm Hg 
respectively after banding. Banding thereby established 
systolic pressure gradient of 10 to 15 mm Hg across the 
band in each group (Table 1). The diameter of the lu- 
men had been reduced approximately 50% in the area of 
the band. 

Since we were constricting the pulmonary artery in 
animals with no intracardiac defect through which to 
shunt blood, even a small difference in the degree of con- 
striction reflected a relatively large pressure gradient as 
the animals grew, and this, in turn, caused severe right- 
sided heart failure in 7 animals within 12 days and 6 
months of banding. This right-sided heart failure caused 
the death of 1 animal from Group II 4 months after band- 
ing, 1 animal from Group III 12 days after banding, and 
1 animal each from Groups I and IV 6 months after band- 
ing. One animal from Group II died of pulmonary throm- 
boembolism 6 months after banding. Results from these 
last 3 animals were included in our findings. 

A comparison of pressure changes in the pulmonary 
artery effected by removal of the band 6 months after 
banding is shown in Table 2 for the groups in which 
debanding was possible at that time. No change in 
pressure occurred except in the distal portion of the artery 
after the silastic bands had been removed. 


Gross Findings 


General. Constriction of the circumference of the pul- 
monary artery caused folds in the internal surface of 
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the artery (Fig. 1) . These folds were apparent within 12 
davs, but gradually disappeared over the next 3 to 6 
months due to attenuation of the wall or replacement by 
fibrosis. By 1.5 months postbanding, the pulmonary arterv 
proximal to the band showed saccular dilatation, and by 
6 months the wall had thickened to 2 to 3 times that of 
the distal portion. In all vessels, the dilatation was more 
prominent anteriorly and the distance from the pulmonic 
ring to the band had lengthened anteriorly. There was 
also some dilatation distal to the band. 

Group I (Cotton). Incorporation of the band by the 
external wall of the vessel had begun 1.5 months after 
banding, and was completed by 3 months (Fig. 1). By 
6 months, the band was incorporated into the intimal 
layer and covered by fibrous tissue. At 3 months, in 1 
artery, the band h: id cut through into the wall and was 
exposed within the lumen for 2 Generally, the 
fibrous tunnel over the band was moderately thick and 


mm, 


dense. Complete debanding was impossible even at 1.5 
months after banding. The banded lesion examined 
8 months did not differ remarkably from a 6-month lesion; 
the band had cut into the lumen of the vessel ( Fig. 2). 
but that had been seen in one other vessel at 3 months. 
Group II (Teflon) 
the wall at 1.5 months but there was some incorporation 
3 months after banding (Fig. 1). At these stages, the 
band could be pulled fairly easily through the tunnel of 


The band was not incorporated in 


fibrous tissue formed around it, except in 1 piglet in 
which the band had cut through the posterior wall for 
5 mm by 1.5 months after banding. Twice, the band had 
cut through the posterior wall to the lumen: in ! animal 
at 4 months and in 1 animal at 6 months after banding. 
The first of these 2 had died of right-sided heart failure: 
autopsy revealed a thin dilated right atrinm, and almost 
complete occlusion of the pulmonary artery by bulky, 
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Fic; 2, The pulmonary artery of swine 8 months after banding 
(left) with cotton umbilical tape, (center) with Te ‘lon tape, and 
right with thin silastic tape. 


overgrown, necrotic fibrous tissue within the lumen. The 
band was completely incorporated by this fibrous tis- 
sue except where it was exposed in the lumen for ap- 
proximately 2 mm. The second of these 2 animals died 
of pulmonary thromboembolism 6 months after banding: 
the thrombus was attached to the lumen where the band 
had cut through and completely occluded the main pul- 
monarv artery 

The fibrosis formed externally around the band was 
grossly thicker and more extensive in this group than in 
Group I, but was less dense. We were able to deband the 
artery in 2 animals even at 6 months, but some tissue 
always remained attached to the band especially around 
the knot. One of these 2 animals died of congestive heart 
failure 1 month and 12 days after debanding, the heart 
failure probably being due to residual constriction. The 
internal diameter of the pulmonary artery at the con- 
stricted site remained unchanged in this animal after 
debanding. In the other animal debanded, the diameter 
increased from 32 to 50 mm over the 3 months that fol- 
lowed debanding, even though the wall was shortened 
by approximately 15 mm (Fig. 3). At 5 months after 
banding, the teflon was deeply incorporated into the 
vascular wall, fibrous. thickened 
area (Fig. 2). 


Group III (Thin Silastic). In no instance was a thin 


forming an irregular, 


silastic band incorporated into the wall of the pulmonary 
artery. ( Figs. ]. 
the anterior wall of 1 arterv at 6 months but this had been 


2). There was a 2 mm long erosion in 


caused bv loosened suture 
band itself. 
minimal. 


material rather than by the 
The reaction of the tissue to the band was 
although the band was covered with a thin 
fibrous capsule that formed a smoothly surfaced tunnel. 
Even 8 months after banding, the intimal surface was 
smooth and uniform ( Fig. 2), and the fibrosis around the 






METRIC 1 





Fic. 3. The pulmonary artery 3 months after debanding following 
6 months' constriction (left) with Teflon tape and (center) with 
thin silastic tape; (right) 2 months after debanding of thicker 
silastic tape. 


band was minimal. In all animals, the band could be 
pulled out easily through the tunnel after the band had 
been cut and the fixation sutures had been removed. In 
l pig debanded at 3 months, the band had come open 
because it had been poorly sutured. In all animals, even 
8 months after banding, the pulmonary artery demon- 
strated a certain amount of distensibility after debanding 
(Fig. 3). 

In 2 animals kept alive after debanding, the inner 
circumference of the pulmonary artery at the banded 
site in 1 increased from 30 to 48 mm in 2 months and 
*in the other from 36 to 52 mm in 3 months. 

Group IV (Thick Silastic). The thicker silastic bands 
were not incorporated by the artery, and all could be re- 
moved in the manner described for the thin silastic 
bands. The reaction of surrounding tissue to the thicker 
band was greater than that to the thinner band. In the 2 
animals examined at 6 months, bulky fibrotic tissue had 
formed around the band with some destruction of the 
wall. One of these animals died of right-sided heart fail- 
ure, and had thickening of the tricuspid and pulmonary 
valves. The pulmonary artery in the animal kept alive for 
2 months after being debanded at 6 months showed re- 
markable restoration to prebanding size and good elas- 
ticity; the luminal surface was smooth (Fig. 3). 


Microscopic Findin gs 


Group I (Cotton). Foreign-body reaction was obvious 
with many giant cells, inflammatory cells, and fibroblasts 
around the band or in the debanded area regardless of 
the duration of banding. At 1.5 months, there was de- 
struction of elastic fibers with loss of the cellular com- 
ponent and compression of the media in the banded area. 
The band was deeply incorporated into the media and 
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the track made by the band was filled with fibrosis. There 
was infiltration of giant cells, inflammatory cells, and 
fibroblasts by collagen fibers interposed between cotton 
fibers (Fig. 4), which is certain evidence of tissue in- 
corporation into the band; there was also intimal pro- 
liferation beneath the band extending for some distance 
proximally. By 3 months, the band had moved deeper 
with more surrounding fibrosis, and the whole elastic 
lamina beneath the band had been destroyed (F ig. 5). 
The band had become completely incorporated and the 
arterial wall proximal to the band had become twice as 
thick as the wall distal to the band. In 1 vessel the media] 
and intimal layers beneath the band were necrotic. By 6 
to 8 months after banding, the band had penetrated the 
medial layer and lay inside the lumen surrounded by a 
thin layer of fibrous intima (Fig. 6). In most vessels, 
the band had passed obliquely through the wall away 
from the heart, a direction directly influenced by vigor- 
our pulsation of the proximal portion of the pulmonary 
artery. 

Group II (Teflon). The foreign body reaction to Teflon 
was similar to that to cotton, but Teflon caused more 
necrosis of the tissue that touched it ( Fig. 4), and caused 
a thicker fibrous tunnel to develop. One and one-half 
months after banding, the Teflon had cut completely 
through the posterior wall of 1 pulmonary artery causing 
necrosis of surrounding tissue and focal intimal thicken- 
ing, but only compressing the medial layer on the an- 
terior side. By 3 months, the foreign body reaction and 
necrosis had increased on the anterior side as well, and 
there was fungating proliferation of the intima. Although 
the Teflon could be debanded, some Teflon fibers re- 
mained in the arterial wall. 


In the pulmonary artery of the pig that had died of ¢ 


congestive heart failure 4 months after banding, there 
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Fic. 4. The pulmonary artery of swine (left) 1.5 months after 
banding with cotton umbilical tape, and (right) 6 months after 
banding with Teflon tape. Longitudinal sections. Hematoxylin & 
Eosin stains. 200 x. 
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was complete destruction of the medial layer; the band 
lay inside the lumen and was ensheathed in fibrous tis- 
sue, the proximal surface of which was necrotic and ob- 
structed most of the lumen. The band on the artery of the 
pig that died of pulmonary thromboembolism at 6 months 
had also cut through into the lumen, causing a wide zone 
of necrosis and bacterial invasion with infiltration of in- 
flammatory cells around the band. The bifurcation of the 
pulmonary artery where the thromboembolus was lodged 
also had bacterial invasion in the proliferated intimal 
layer with attachment of a septic thrombus which had 
started to organize. 

Six to 8 months after banding, the Teflon had de- 
stroyed the entire elastic lamina and was deeply in- 
corporated into the subintimal layer, even on the an- 
terior side (Fig. 6). Generally, the band-caused lesions 
were not uniformly distributed over the circumference but 
were exaggerated on the posterior wall. Despite the in- 
corporation of the band into the subintimal layer, there 








Fic. 5. The pulmonary artery of swine 3 months after banding 
(top) with cotton umbilical tape, (center) with Teflon tape, and 
(bottom) with thin silastic tape. Longitudinal sections. Verhoeft 
and Van Gieson stains. 8x. 
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Fic. 6. The pulmonary artery of swine 8 months after banding 
(top) with cotton umbilical tape (center) with Teflon tape, ug 
(bottom) with silastic tape. Longitudinal sections. Verhoeff anc 
Van Gieson stains. 8X. 


was no ingrowth of tissue into the band as had been 
seen with cotton. Arteries of pigs kept for 1-3 months 
after removal of the band (6 months after banding) 
showed that the track along which the band had moved 
was completely filled with fibrous tissue (Fig. 7), and 
elastic fibers were absent. 

Group III (Thin Silastic). In the pig that died of con- 
gestive heart failure 12 days after banding, the silastic 
band was covered with a fibrous capsule and there was 
some foreign body reaction around the band. The medial 
laver was only mildly compressed at this stage and the 
intima was intact. The fibrous capsule contained fibro- 
blasts, inflammatory cells, and collagenous fibers de- 
rived from adventitia, but very few giant cells. These 
changes had progressed by 1.5 to 3 months but were still 
much less severe than in Groups I and II (Fig. 5). The 
arterial wall proximal to the band had become thick- 
ened at 1.5 months as had the walls in the other groups. 
At 6 to 8 months after banding, as the relative constric- 





Fic. 
6 buta constriction (top) with Teflon tape and (center) with 
thin silastic tape; (bottom) 2 months after debanding of thicker 


7. 'The pulmonary artery 3 months after debanding following 


silastic tape. Longitudinal sections. Verhoeff and Van Gieson 


stains. 8x. 


tion progressed, the wall had become more compressed 
and was richer in collagen fibers, with hyalinization in 
some cases. The continuity of the elastic lamina was pre- 
served however, and the band was covered by a fibreus 
tunnel (Fig. 6). The intima showed proliferation, and 
there was thick intimal proliferation at the bifurcation of 
the main pulmonary artery. In animals ke pt alive for 2 to 
3 months after debanding, the tunnel that had formed 
around the band had been filled with fibrosis and colla- 
gen fibers (Fig. 7). Compression of the media and pro- 
liferation of the intima remained, but all of the inflamma- 
tory process and foreign body reaction had disappeared, 
leaving good continuity of the elastic lamina. 

Group IV (thick Silastic). Thick silastic tape caused 
more inflammatory reaction and more fibroblastic prolif- 
eration than did thin silastic tape (Group III). The at- 
tenuation of the elastic lamina was greater than in Group 
III, although it was not as serious as in Groups I and II. 
There was thick intimal proliferation at 6 months. 
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Discussion 


The value of short-term banding of the pulmonary 
artery in certain congenital cardiac defects is no longer 
debatable. Instead, interest is now directed toward how 
to minimize the complications of banding and how to 
accomplish complete debanding when it is time for surgi- 
cal correction of the cardiac defect. 

For our investigations of these problems we chose 
young swine as our experimental animal because: 1) their 
vascular structures are similar to those in the human; 2) 
their pulmonary arterial pressure is higher than in most 
other animals of comparable size; and 3) their rapid 
growth rate* closely resembles that of the infants in whom 
pulmonary artery banding i is done. 

After completing these experiments we found: 1) that 
the pulmonary artery pressure is not as high in these 
animals as we had expected it to be; and 2) since these 
animals had no shunt between the right and the left 
sides of the heart, seven of them reacted to small pres- 
sure gradients by developing congestive heart failure. In 
4, this disease was fatal. 

The cotton umbilical tape showed some degree of 
stretching and unbraiding during the banding procedure, 
properties that had been reported by Goldberg et al." 
We found that we could minimize this problem by pre- 
moistening the tape with saline and stretching it before 
putting it around the artery. The Teflon tape also came 
unbraided but did not stretch. The silastic tape had 
some elasticity, but since it was reinforced with impreg- 
nated Dacron tricot it was strong enough for banding. 
Silastic tape tended to slip distally, propelled by arterial 
pulsation, unless it was anchored with 2 sutures to the 
adventitia of the artery. 

While we were comple ting our study, Stark et al.?? re- 
ported their findings in swine, having used plaited silk, 
Teflon tape, cotton umbilical tape, and nylon tape for 
pulmonary artery banding. They found no one of these 
tapes less damaging to the artery than the others. They 
did not experiment with silastic tape, the material that 
we found the least damaging and the easiest to deband. 
During that period we also communicated with Edmunds 
et al.,'° who have had very favorable results with an ad- 
justable band made of silastic. 

On the basis of our findings, we have used thin silastic 
tape reinforced with Dacron tricot to band the pulmonary 
artery in 4 infants with large ventricular septal defects 
and cardiac failure. Before we banded the artery, wé 
tagged the tape with 2 or 3 radiopaque dots which we 
believe will be useful in identifying the constricted area 
during cardiac catheterization procedures. These infants 
have done well thus far and we hope that we will have 
no difficulty when it is time for debanding and definitive 
cardiac repair. 


f 
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DISCUSSION 


Dn. WiLLiAM H. Mutter (Charlottesville): Throughout the 
years, surgeons have exhibited considerable interest in constricting 
arteries by various means. Halsted was very interested in methods 
of constriction as a means if treating aneurysms. We drew rather 
heavily on the work of Dr. Emile Holman when we were con: 
templating this operation, because he had banded pulmonary 
arteries and other arteries, and he did indeed find that the con- 
stricting band would cut through the vessel in some instances. 
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(Slide) After some work in the laboratory, we decided upon 
his method; that is, of excising this portion of the pulmonary 
artery within this . clamp, placing:a row of sutures, and then 
banding the artery as you see here. The artist has taken some 
license in sliding the band distally along the pulmonary artery. 
We attempt not to do this, but, indeed; to place it as proximal 
as possible, because this proximal portion of the artery does indeed 
dilate somewhat after a period of time. 

This is a picture of the first patient that we operated upon, in 


812 * 


re & 3-kilo infant, who was later found to have an AV canal 
efect. 

For the past 19 or 20 years we have used Orlon, a substance 
that Dr. Cordell did not include in his study. We currently use 
Orlon, having initially used nylon, and we have continued to 
use Orlon because it has worked effectively as a band. 

Whatever the material, we believe that one should use multiple 
layers, and that the width of the band is of significant importance. 
We try to place a band as wide as possible on the artery, and 
believe that this may have some influence in not cutting through 
the vessel. So far as we know, we have not observed a band 
that has cut through at the time of debanding. 

. When performing a definitive operation, we do not try to 
deband the artery, but merely make a longitudinal incision in it. 
On a few occasions we have been able to close it transversely, 
but we usually insert a patch of pericardium, an ample patch 
which will restore the lumen of the vessel. This has worked very 
satisfactorily in our hands. 

We don't deband it, I think, for the reason that Dr. Cordell 
has mentioned, and that is that the wall beneath the band is 
thin and atrophic.’ 

Of great importance in determining the degree to which the 
artery should be constricted—and this varies considerably from 
patient to patient—are factors such as the age, the type of 
anomaly, the size of the defect, the pressure and flow through the 
shunt, and the pulmonary resistance. We determine the degree 
of constriction by measuring thé pressure sequentially above and 
below .the band as it is tightened, and, hopefully, reduce the 
pressure to one-half the proximal pressure, and preferably to 
one-third. 

(Slide) Improvement of the patient can be determined usually 
by the distal p.a. pressure, and these data were presented before 
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this organization about fifteen years ago. Here you see that there 
is little or no reduction. 

(Slide) Here its about half, and the next slide shows that 
this is about the desired reduction, 30 mm of mercury distally, 
and 105 mm of mercury proximally in the right ventricle. 

Finally, I might say that refined extracorporeal perfusion for 
infants, and particularly profound hypothermia, which allows de- 
finitive repair of the defect, has made this palliative operation 
less frequently indicated. However, it still has a definite place 
in the treatment of some small infants with uncontrollable high 
output failure, and I'm pleased that Dr. Cordell and his associates 
have made this contribution toward improving it. 


Dr. GrEoncE Jornson, Jr. (Chapel Hill): Ten years ago a 
previously four-year-old child that we had placed a band on 
the pulmonary artery to contro] pulmonary hypertension ex- 
sanguinated. The umbilical tape had eroded through the pulmonary 
artery. 

Since there is frequently a high blood pressure in the pulmonary 

artery, we chose the aorta in a series of 10 dogs and produced 
a 40 mm gradient. In five of these, the band eroded through 
the aorta, although, as Dr. Cordell has demonstrated, only two 
of these exsanguinated. 
. On reviewing the literature, we were perhaps somewhat dis- 
mayed to find Dr. Barney Brooks, 20 to 30 years previously, at 
Vanderbilt had done the exact same experiment with the same 
results. 

Although the pulmonary artery and the aorta are different histo- 
logically, could the lack of a high pulmonary blood pressure in 
the pig influence the results reported by Dr. Cordell? 

We agree that the cotton umbilical tape certainly should not 
be used. 
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This paper describes our experience with 1787 individuals 
who were screened for early bronchogenic carcinoma by a 
chest x-ray and cytologic examination of their sputum. One 
bronchial carcinoid tumor was detected by chest x-ray. Eight 
patients had sputum positive for squamous cell carcinoma 
and a normal chest x-ray. A higher -percentage of sputum 
positive cases were detected in a hospitalized group of pa- 
tients in comparison to a group of working males. The 
source of the malignant cells was localized to a specific lobar 
bronchus by fiberoptic bronchoscopy in 7 patients; in 1 pa- 
tient the cells were shed from a carcinoma of the naso- 
pharynx. Four patients were operated on. In I patient the 
tumor was removed by a lobectomy and in the remaining 3 
patients it was necessary to extend an initial lobectomy to 
a bilobectomy, sleeve resection, and pneumonectomy in 
order to excise squamous cell carcinoma ín situ which ex- 
tended proximally from the small invasive tumors. The tumors 
were totally excised in 3 patients and these patients remained 
well 21-30 months after operation. One patient with a 
squamous cell carcinoma in situ in the bronchial stump fel- 
lowing pneumonectomy died of extensive metastatic carci- 
noma 8 months postoperatively. 


RONCHOGENIC CARCINOMAS arise from the bronchial 
B epithelium and continuously shed cells which can 
be detected in the sputum. Cytologic examination of the 
sputum thus provides a means of detecting bronchogenic 
carcinomas at a very early stage in their development. 
If the source of the cells can be localized, and the in- 
volved lobe or segment of lung excised, the majority of 
patients with these early tumors can be cured. Patients 
with sputum positive for squamous cell carcinoma and 
normal chest x-rays have been reported in the literature 
for the past decade.^*5? In a number of these cases, 
however, the source of the malignant cells could not be 





Presented at the Annual Meeting of the Southern Surgical As- 
sociation, December 3-5, 1973, Hot Springs, Virginia. 
* Supported by National Cancer Institute Contract, N.L.H. 69- 
172. 


JAE M. LEE, M.D. 


From the Department of Surgery, the Division of 
Otolaryngology, the Department of Pathology, and the 
Department of Radiology, The Johns Hopkins University 
School of Medicine, Baltimore, Maryland 


localized, and therefore, early treatment was not feasible. 

This paper describes our experience with a project 
which was designed to determine if a significant number 
of x-ray negative, sputum positive cases could be detected 
in a high risk group of patients; if the source of these 
malignant cells could be successfully localized, and if 
treatment of these early cases resulted in improved sur- 
vival rates in comparison to either asympomatic or 
symptomatic patients with x-ray evidence of a pulmonary. 
neoplasm. 


Methods 


The project was designed to screen a working popula- 
tion of males over 40 years of age who admitted to smok- 
ing at least one pack of cigarettes per day. In the initial 
phase of the project, a group of hospitalized patients 
without specific chest complaints has been included in 
the project in order to expedite the development of the 
techniques of sputum collection and processing as well 
as the development of localization procedures. 

Sputum samples were obtained after the patients had 
inhaled 90 ml: of nebulized Hanks solution and there- 
after at daily intervals for four days. Five sputum samples 
were examined from each patient and on the basis of the 
cytologic findings, the cells were classified as: 1) no evi- 
dent abnormality; 2) fringe atypia; 3) slight atypia; 4) 
moderate atypia; 5) grave atypia; and 6) cancer. A chest 
x-ray was also taken at the time of the initial screening 
procedure. 

When gravely atypical cells or malignant cells were 
detected in the sputum, the patients were admitted to 
the hospital for further study. The details of the broncho- 
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scopic localization procedures have been previously re- 
ported.” In summary, the initial bronchoscopic procedure 
is performed under local anesthesia with a Hollinger 
scope fitted with a distal inflatable cuff. Four separate 
cytological specimens are obtained from each lung with 
the cuff inflated. The Hollinger scope is then removed, 
general anesthesia is induced, and a detailed examina- 
tion of the trachea and bronchial tree out to the sub- 
subsegmental bronchi is performed with the fiberoptic 
bronchoscope. Suspicious areas are brushed or curretted 
for cytologic study and biopsies are obtained with miero- 
biopsy forceps. If anv suspicious areas are found, the 
rigid bronchoscope is re-introduced and additional bi. 
opsy specimens are obtained from the lobar spurs proxi- 
mal to the suspicious areas in an effort to determine if 
the bronchial mucosa proximal to the lobar orifice is free 
of carcinoma in situ or invasive cancer. 

Bronchography with the experimental contrast agent 
tantalum is currently being performed with a contzoll- 
able catheter. After the administration of topical anes- 
thesia, tantalum is insuffalated into lobes or segments 
with short bursts of 10% O. and 90% N». Both the patient 
and the generator are electrically grounded. After con- 
ventional filming, a cine examination is performed to 
localize the areas of abnormal bronchial dynamics. Fre- 
quent clearance films are then obtained to detect areas 
of delayed clearance of the tantalum. Areas of delaved 
clearance may be due to destruction of the mucociliary 
blanket by a bronchogenic carcinoma. 


Results 


Seventeen-hundred-and-eighty-seven patients have 
been screened as of November 2, 1973. Fourteen-hundred- 
and-four of these patients were employed by various in- 
dustrial concerns. One patient in this group was found to 
have malignant cells in his sputum and ten patients from 
this group were found to have gravely atypical cells in 
their sputum. One-hundred-and- cighty-seven patients re- 
ferred themselves to the screening unit after hearing of 
the project. None of these patients have had grawely 
atypical or malignant cells in their sputum. One-hundred- 
and ninety-six patients, 81 patients from the in-patient 
service and 115 from the out- -patient service of The Johns 
Hopkins Hospital have been screened. Seven of these 
patients have had malignant cells in their sputum, and 
one of these patients has had gravely atypical cells in 


TABLE 1. 
E NEEE Fringe Sieht 
Industry 230 367 643 
IHH (inpatient) 53 5 12 
IHH (outpatient) 38 32 35 


Self-referra! 45 67 64 
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his sputum. The number of patients screened correlated 
with the source of referral and the cytologic findings are 
reviewed in Table 1 

Three patients have had lesions detected by the chest 
x-ray taken at the time of the initial screening procedure 
and have been operated on. One lesion proved to be a 
tuberculoma, another lesion probed to be a bronchial 
carcinoid tumor, and the third lesion was a hamartoma. 
There were no operative complications and these patients 
have remained well since operation. 

The ll patients with gravely atypical cells in their 
sputum have undergone both rigid and fiberoptic bron- 
choscopv. No evidence of cancer has been found either 
on gross examination or after multiple sputum cytologies 
and/ or histologic examination. of sputum specimens. 
Tantalum bronchography has also failed to localize the 
source of the gravely atypical cells. These patients have 
been follow oe from three to 21 months after the initial 
findings of gravely atypical cells in their sputum. The 
majority of these patients have either stopped smoking 
or have decreased the number of cigarettes consumed 
per day. None of these patients have had malignant cells 
detected in their sputum, nor have they de veloped X-ray 
evidence of a pulmonary neoplasm, 

Malignant cells have been detected in the sputum of 
eight patients, one female and seven males. All of these 
patients have had no evidence of a mass lesion on chest 
x-ray. Two of these patients were working males. One 
patient was referred from an industrial concern, the 
other patient was seen in the out-patient department for 
a routine physical examination. The remaining SIX pa- 
tients were hospitalized for complaints not referable to 
their chests. The patient seen in the out- -patient depart- 


ment for a routine physical examination was found to ė 


have a small cell carcinoma of the nasopharynx. This pa- 
tient was treated with irradiation and has remained well. 
Fiberoptic bronchoscopy has successfully localized the 
source of the malignant cells in the remaining seven 
cases. In each instance, the tumor was localized to a 
specific segmental or lobar bronchus, and its presence 
docume icd bv biopsy which was either cvtologically 
or histologically positive for squamous cell carcinoma. 
Tantalum bronchography has been performed in five 
of the seven patients with cytologically positive sputum 
and normal chest x-rays. A tumor has been localized in 
only one of these five cases (Fig. 1). The bronchial car- 
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cinoid tumor which was detected by the screening chest 
x-ray and confirmed by tomography, was also localized 
by tantalum bronchography to a specific segment: il 
bronchus. 

Four of the seven cases with proven bronchogenic 
carcinoma have been operated on. One of the three re- 
maining patients has refused operation. Another patient 
had an associated inoperable carcinoma of the cervix 
and the third patient was deeme ‘d inoperable because of 
severe myocarditis and the tumor was irradiated. 

AII four patients that were oper rated on presented prob- 
lems in surgical management (Table 2). All lesions were 
in the right lung, two in the right upper lobe and two 
in the right lower lobe. In all four cases the lung looked 
perfectly normal, but in one case a small mass was pal- 
pable at the trifurcation of the right upper lobe bronchus. 

Lobectomies were initially performed in all four cases. 
[n those cases involving the right upper lobe, either in 
situ or invasive squamous cell carcinoma was present at 
the bronchial margin following a right upper lobectomy. 
In one instance, a negative bronchial margin was ob- 
tained following a sleeve resection. In other patient, in 
vasive squamous cell carcinoma was present in the right 
main stem bronchus following a sleeve resection and a 
pneumonectomy was performed. In those cases involving 
the right lower lobe, a negative margin was obtained fol- 
lowing a right lower lobectomy in one case, in the other 
it was necessary to remove the right middle lobe as well 
in order to obtain a bronchial mar gin free of carcinoma 
in situ. Postoperative complications included one wound 
infection and two episodes of postoperative pneumonia. 

Histologic study of the operative specimens has con- 
firmed the presence of invasive squamous cell carcinoma 
in all of the operative specimens. The pneumonectomy 
specimen revealed an in sifu and infiltrating carcinoma of 
the right upper lobe and right main stem bronchus. Car- 
cinoma in situ was present in the bronchial margin. Case 
#2 demonstrated a 10 mm invasive squamous cell car- 
cinoma surrounding the apical segment of the right 
upper lobe. The sleeve resection mar gin revealed mod- 
erate atypia in the bronchial margin but was free of 


carcinoma in situ. A 2—3 mm invasive tumor was present 


TABLE 2. 
Case # Procedure 
1 (R) pneumonectomy 
in situ 
2 (R) upper lobectomy and sleeve Moderate atypia 
resection of (R) main stem 
bronchus and intermediate bronchus 
3 (R) lower lobectomy Moderate atypia 
. 4 (R) middle and lower lobectomy Slight atypia 


LUNG CANCER 


Bronchial Margin 


Squamous cell carcinoma 
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Case #5 demonstrating af? 


Tantalum  bronchogram in 
endobronchial tumor in the apical posterior segment of the left 
upper lobo. 


Fac. L 


in the anterior basilar segment of the right lower lobe 
of case #3, and extensive squamous cell carcinoma in 
situ extended proximally from the invasive tumor. A 
focus of squamous cell carcinoma was also present in the 
‘ase #4 demon- 
strated at 7 mm squamous cell carcinoma in the posterior 


superior segment of the right lower lobe. C 


basilar segment of the right lower lobe and extensive in 
situ carcinoma extending proximally, The initial bronchial 


Operative Experience: Correlation of Operative Procedures with Bronchial Margin, Postoperative Complication and Current Status 


Postoperative 


Complication Current Status 


None Died 8 months postopera 


tively of metastatic cancer 


Wound infection \live and well, sputum 
negative 

Pneumonia \live and well Gravely 
atypical cells in sputum 

Pneumonia \live and well sputum 


negative 
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Fic. 2. In situ squamous cell carcinoma with glandular involve- 
ment at original margin of resection in Case #4. Note deep 
glandular involvement by the lesion (H & E #15), 





margin revealed squamous cell carcinoma in situ extend- 
ing into the submucosal glands (Fig. 2). Following ex- 
cision of the right middle lobe, the bronchial margin was 
free of squamous cell carcinoma in situ. The in situ squa- 
mous cell carcinomas were found proximal to the invasive 
carcinpmas in all four cases. In situ squamous cell car- 
cinoma also extended into the submucosal glands in all 
four cases. 

‘Three of the four patients operated upon have re- 
,mained asymptomatic following discharge from the hos- 
pital. Case #1, the patient who had squamous cell 
carcinoma in situ in the margin of the pneumonectomy 
specimen died eight months postoperatively and at au- 
topsy was found to have extensive squamous cell car- 
cinoma of the right chest, mediastinum and liver. The 
sputum of two of the remaining three patients (Cases #2 
and 4) has remained free of malignant cells for 21 and 
24 months respectively. The third patient, (Case #3, 
who initially stopped smoking following discharge from 
the hospital, has unfortunately started to smoke cigarettes 


TABLE 3. 
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Case # Associated Disease 
3 Carcinoma of cervix Squamous cell 
carcinoma 
6 Alcoholic myocarditis 
7 Refused operation 
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again and his sputum now contains gravely atypical cells 
30 months after his right lower lobectomy, 

The subsequent clinical courses of the three patients 
who have not been operated upon are summarized in 
Table 3. The patient with carcinoma of the cervix died 
with extensive pelvic and metastatic cervical cancer 18 
months after diagnosis of early bronchogenic carcinoma. 
At autopsy she was found to have squamous cell car- 
cinoma in situ in the left main stem bronchus, left upper 
lobe bronchus, all segmental bronchi of the left upper 
lobe, and in the superior and anterior basilar segments 
of the left lower lobe. A 20 mm invasive squamous cell 
carcinoma involved the left upper lobe bronchus and 
segmental bronchi of the left upper lobe as well. The 
patient who refused operation has remained well for the 
past 26 months. He has refused any further diagnostic 
procedures. The patient with myocarditis developed a 
pleural effusion which contained malignant cells two 
months after completing his course of irradiation and 
died five months after the tumor had been localized. 


Discussion 


The overall detection rate in the 1787 patients screened 
was 5.0 cases of carcinoma detected per 1,000 patients 
screened. Seven patients had squamous cell carcinoma of 
the bronchus, one patient had a bronchial carcinoid tu- 
mor, and one patient had a squamous cell carcinoma 
of the nasopharynx. There was a considerable difference 
in the detection rates obtained by screening working 
males compared to a group of patients from either the 
in-patient or out-patient services of the hospital. Only 
two cases of bronchogenic carcinoma were detected in 
working males, one patient had malignant cells in his 
sputum and a normal chest x-ray, the second patient 
had a bronchial carcinoid tumor which was detected by 
the screening chest x-ray, the second patient had a 
bronchial carcinoid tumor which was detected by the 
screening chest x-ray. In contrast, a higher detection 
rate was obtained in the group of patients from the 
in-patient hospital service. This higher detection rate 
in a hospital or clinic group of patients has been re- 


Non-operative Experience: Correlation of Associated Disease with Cytologic Diagnosis, Tissue Diagnosis, and Current Status 





Cytologic Diagnosis 


Squamous cell carcinoma 


Squamous cell carcinoma 


Current Status 


Died 18 months after 
diagnosis; a 20 mm invasive | 
squamous cell carcinoma 
was present in the left 

upper lobe 

Died 2 months after x-ray 
therapy with evidence of a 
malignant left pleural 
effusion no autopsy 

Has remained well for 24 . 
months after diagnosis 


Histologic Diagnosis 





[n situ and invasive 
squamous cell 
carcinoma 


Squamous cell carcinoma 
in sub-mucosa 


Biopsy specimen, 
squamous cell carcinoma 
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ported by a number of other investigators,*:°" and also 
by the Early Lung Cancer Group at the Mayo Clinic.” 
Our experience indicates that if the screening popula- 
tion is recruited from a hospital or clinic group of 
patients, an appreciable number of these patients will 
be inoperable because of associated disease, a finding 
also previously reported by Lilienfeld® and Gryzbowski.? 

Thus far, fiberoptic bronchoscopy has been remarkably 
successful in locating the source of the malignant cells 
in patients with normal chest x-rays. The source of the 
malignant cells has been localized in all instances and 
confirmed by histologic section. Tantalum bronchography 
has not been as successful in localizing these small bron- 
chogenic carcinomas. The lack of success in the early 
stages of the project was clearly related to the develop- 
ment of the technique of tantalum bronchography. With 
the recent development of a new delivery system and 
the perfection of mobile endobronchial catheters, we 
would anticipate a higher success rate in the future. 
Bronchography will not of course, establish a histologic 
diagnosis. It can only indicate the location of the lesion 
for subsequent histologic confirmation by fiberoptic bron- 
choscopy and biopsy. 

In the initial phases of the project, we anticipated that 
localization of the source of the malignant cells would be 
a major problem. Localization has not been a problem 
thus far, and the sophisticated methods of localization 
are far more advanced than the present methods of ther- 
apy. The operative procedures have been designed to 
excise all of the bronchial mucosa which contains either 
squamous cell carcinoma in situ or invasive squamous cell 
carcinoma. In three of the four cases which have been 
operated on, it was necessary to extend an initial lobec- 
tomy soley to obtain a bronchial margin which was free 
of carcinoma in situ. This clinical experience has stimu- 
lated us to investigate the possibility of destroying squa- 
mous cell carcinoma in situ by some type of local ablative 
procedure, and thus avoid further resection of lung 
parenchyma. The details of these experiments are re- 
ported in another publication. In summary, we have 
investigated the effect of local destruction of the bron- 
chial mucosa on subsequent healing of a bronchial stump 
or sleeve resection. In five dogs, 2 cm of bronchial mu- 
cosa proximal to an excised lobe were destroyed by 
electrocoagulation prior to closure of the bronchial stump. 
In five other dogs, the bronchial mucosa was excised prior 
to closure of the bronchial stump and in another five dogs, 
the bronchial mucosa was destroyed bv cryosurgery. All 
of these animals recovered without complication and 
postoperative tantalum bronchography revealed no evi- 
dence of disruption of the bronchial closure. In another 
group of five dogs, the left main stem bronchus was tran- 
sected and the mucosa circumferentially excised from 
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Fic. 3. Tantalum bronchogram performed six months after ex- 
cision of the bronchial mucosa of the left mainstem bronchus. 
The bronchogram demonstrates a mild stricture at the site of the 
anastomosis. 


Fic. 4. Histologic sections of bronchial epithelium circumferen- 
tially excised from left mainstem bronchus of a dog. The sections 
demonstrate surface epithelium and submucosa including sub- 
mucosal glands. Note variations in depth of excision which in- 
cludes cartilage and muscle on right but not on left (H & E x 140). 
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the carina to the orifice of the left upper lobe. The di- 
vided ends of the bronchus were then anastomosed with 
interrupted sutures of Tevdek. These animals also re- 
covered without apparent complication from the opera- 
tion. If the procedure was carefully performed without 
drainage to the underlying bronchial cartilage these anas- 
tomoses healed and tantalum bronchograms performed 
six months later revealed only a minimal stricture at the 
site of the anastomosis (Fig. 3). If the cartilage was 
damaged, significant stricture formation occurred. 

These groups of animal experiments demonstrate that 
bronchial closure can be obtained in the absence of bron- 
chial mucosa and that complete circumferential excision 
of the bronchial mucosa is also feasible without signifi- 
cànt stricture formation. However, histologic sections 
of the excised mucosa demonstrates that the depth of 
excision is variable and hàs not always included the 
submucosal glands. In view of these findings, excision of 
focal areas of squamous cell carcinoma in situ in the 
bronchial stump must be carefully controlled by frozen 
sections of the excised specimens to assure that in situ 
squamous cell carcinoma extending into the submucosal 
glands has been excised. 

Our initial experience with a project designed to de- 
tect, localize and treat early bronchogenic carcinoma 
generated the following information. Early bronchogenic 
carcinoma, i.e., patients with positive sputum and normal 
chest x-rays, can be detected by a screening program. 
The detection rate is limited however, if the population to 
be screened is restricted to working males. À considerably 
increased number of positive cases can be detected by 
screening a group of patients from the in-patient or out- 
patient services of a hospital. In those patients with posi- 
tive sputum and normal chest x-rays, localization of the 
source of the malignant cells has not been a problem and 
all positive cases have been successfully localized. In three 
of these cases, the tumors have been excised and the 


DISCUSSION 


Dr. Freperick H. TayLog (Charlotte): We have found the 
flexible fiberoptic bronchoscope a very useful tool in the detection 
of early lung cancer. 

"For the past 2% years we have done 727 of these fiberoptic 
endoscopies. One fourth of these people proved to have primary 
lung cancer. | | | 

Visualization of the lung cancer was possible with the conven- 
tional rigid bronchoscope in 58 of these 189 people, or 30%. By 
inserting the flexible scope through the rigid scope, an additional 
62 carcinomas were visualized, thus more than doubling the 
visibility of the cancer. 

(Slide) This is a small lesion in the periphery of the anterior 
segment of the left upper lobe; a lesion which is not visible with 
the conventional bronchoscope. | 
- With the use of the flexible scope, and with selective five-love 
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patients have remained free of recurrence from 21 to 30 
months respectively. In the fourth case, the tumor could 
not be completely excised, and squamous cell carcinoma 
in situ was left in the bronchial stump following a pneu- 
monectomy. This patient died eight months postopera- 
tively of widespread metastatic disease. The presence of 
squamous cell carcinoma in situ in the surgical margins 
of the resected specimens has been a major problem and 
indicates the need for careful preoperative mapping. The 
presence of squamous cell carcinoma in situ in the- proxi- 
mal bronchial margins also indicates the need to de- 
velop techniques which will locally destroy or excise 
bronchial mucosa which contains squamous cell car- 
cinoma in situ and thus avoid more extensive resections. 
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brushings we have been able to come up with the diagnosis 
cytologically in as high as 88 percent of the cases. ' 

So, in summary, we have found this a very useful tool, particu- 
larly in those people who have positive cells in their sputum, 
but negative chest x-rays. 


Dr. R. Rosson Baker (Closing discussion): I think one of 
the ‘most important findings that we have demonstrated thus far 
has been that the sophistication of the localization techniques has 
far out-stripped the sophistication of the therapy techniques. I 
believe we will encounter an increasing number of patients with 
early bronchogenic carcinoma who will either not tolerate a 
thoracotomy, or who will not tolerate a resection more extensive 
than a lobectomy. If we are going to treat these patients, we 
must develop some sort of transbronchial ablative procedure, or 
at least a form of local ablation which will destroy carcinorha 
in situ in the bronchial stump following a lobectomy. | 


Surgical Management of Tracheal Stenosis 
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In a retrospective study of 24 patients, 16 had tracheal steno- 
sis at the cuff site, 4 at the tracheostomy site, 3 at both and 1 
tracheomalacia. Tracheostomy site stenosis occurred only 
when anterior tracheal cartilage support had been excised. 
Primary repair proved most satisfactory though delto-pectoral 
flaps and external plastic support rings are valuable in long 
lesions. Reconstruction should be performed only after the 
tracheostomy is healed and-not at all if the patient still re- 
quires ventilatory assistance. In a prospective study to reduce 
the 15-20% incidence of stenosis in long term tracheostomy 
patients, 92 patients were followed up to 15 months after use 
only a longitudinal stomal slit in the trachea and atmospheric 
pressure foam cuff tracheostomy tubes. No tracheal ulcera- 
tions (by bronchoscopy) or stenosis resulted, indicating that 
the recerit epidemic of tracheal damage is preventable. 


T STENOSIS is not a new problem, for Colles? 
in 1886 described four such cases in 57 survivors who 


. had required tracheostomy for diptheria. During the past 


decade many forms of respiratory insufficiency have been 
managed by endotracheal tubes or tracheostomies with 
air inflated cuffed tubes and assisted ventilation with 
an increasing incidence of tracheal stenosis almost to 
epidemic proportions. Up to 10% of the patients surviving 
treatment have been reported to develop stenosis^?* and 
some prospective studies predict a 16-20% incidence of 
stricture following prolonged cuffed tube ventilation.2° 

The most important principle is prevention. Once ste- 
nosis is established, the logical approach is resection of 
the stenotic segment and reestablishment of an adequate 
airway by primary anastomosis or a tracheal substitute.?! 
Pearson,!?2? Grillo,?39 Naef!* and Binet* have made ma- 
jor contributions to the tecliniques of reconstruction of 
the tracheo-bronchial tree after extensive resection. 

This present study includes: (A) Twenty-four patients 
with significant established tracheal stenosis; and (B) A 
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prospective study of ninety-two patients with trache- 
ostomiés with self-inflating cuffed tubes and ventilatory 
support followed from September, 1972 to date. 


Material 


Tracheal Stenosis | 
Between July, 1970 and July, 1973, 24 patients with 


significant tracheal stenosis were seen and treated on the . 


thoracic and cardiovascular surgery service of the SUNY 
Upstate Medical Center. There were 14 men and 10 
women with ages ranging from 17 to 68 years. Twenty- 
three patients had endotracheal tubes in place for 24-72 
hours before tracheostomy, and all had tracheostomy and 
coritinuing ventilatory support ranging from 8 to 36 days. 
The majority of the patients had respiratory insufficiency 
due to trauma, Pickwickian Syndrome or post-operative 
respiratory failure ( Table 1). Tracheal stenosis developed 
in 6 weeks to 4 months after the tracheostomy. One came 
to our attention with restenosis after a previous resection. 

Diagnosis. All had the common history of previous 
respiratory insufficiency, intubation, tracheostomy and 
prolonged assisted ventilation. They all manifested 
dypsnea, inspiratory stridor and inability to raise tracheal 
secretions. Pulmonary function studies showed decreased 
tidal volumes and decreased one second forced expiratory 
volume (FEV 1) (Figs. 1, 2). Air tomography confirmed 
the diagnosis (Fig. 3), aud tracheograms identified the 
exact location, size and length of the stenotic segment. 
Bronchoscopy was rarely needed or indicated for diagno- 
sis. 

Site of Stenosis. Sixteen patients had stenosis at the 
cuff site, four had stenosis at the tracheostomy site, three 
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TABLE 1. Reason for Intubation SECONDS | SECONDS 
Trauma o | 2 3/0 | 2 3 


Postoperative 
Pickwickian Syndrome 
Drug Overdose 
Chronic Lung Disease 
Pulmonary Burn 
Tracheomalacia 
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had stenosis at both, and one had tracheomalacia from 
extrinsic compression by a substernal thyroid. Stenosis 
occurred at the tracheostomy site only in those cases 
where a window of tracheal cartilage had been excised 
in the anterior wall of the trachea. The segment of the 
stenotic trachea appeared fibrotic and thickened with 
fragmentation of the cartilagenous rings. The lumens 
ranged from 3 to 5 mm in diameter. The length of the 
stenotic segment varied but the average was 1.8 cm. 
Most often, the trachea proximal and distal to the stenotic 
segment was also damaged with loss of mucosal integrity 
and discontinuity of the tracheal cartilage. 

Pre-operative Evaluation. This risk of surgery, and the 
patient’s respiratory status were carefully evaluated. Pa- 
tients who still required respiratory support were not con- 
sidered for tracheal reconstruction but were maintained 
with tracheostomies or intubation. Four patients had 
tracheostomies in place. In two of these, the tracheostomy 
was removed and the tract allowed to heal with dilation 
being utilized as needed prior to definitive repair. Both 
did well following surgery. The other two underwent 
resection with open tracheostomies in place and devel- 
“oped infectious complications. Since these two failures, 
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Fic. l. Respiratory function of 17-year-old man who developed 
severe stenosis after multiple injuries and respiratory failure; note 
decreased tidal volume and FEV, (one second forced expiratory 
volume). 
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Fic. 2. Three months after surgery, respiratory function had re- 
turned to satisfactory level. 
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we have preferred to remove the tracheostomy tube and 
allow the tracheostomy, which is always infected, to heal 
before reconstruction is undertaken. 

Anesthesia. Radial artery and central venous catheters 

were placed for monitoring during surgery. The orotra- 
cheal tube was placed above the stricture but no attempt 
was made to pass the stenotic segment so as to avoid 
mucosal damage. After surgical exposure was obtained 
the stenotic segment was excised. A long flexible endo- 
tracheal tube was passed into the distal trachea and 
connected to anesthesia. After the posterior suture line 
was completed, the distal tube was removed and the 
proximal tube was advanced by the anesthetist through 
the anastomosis and the suture line completed. 

Surgical Technique. A collar incision is always used 
for management of short segment stenosis of the upper 
trachea. Nine patients had satisfactory reconstruction 
using this incision. Eleven patients had collar and upper 
sternal splitting or complete sternal splitting incisions due 
to inadequate exposure through the collar incision. The 
entire trachea is mobilized with great care being given to 
preserve its blood supply from the inferior thyroid artery 
and the brorichial arteries around the carina. After the 
stenotic segment is removed a posterior row of inter- 
rupted sutures is placed, the head and neck flexed and 
the sutures tied. Mattress sutures of nonabsorbable ma- 
terial are used in four areas to strengthen the suture line 
which otherwise is of absorbable suture. To help prevent 
injury to the mediastinal vessels, a viable muscle flap 
(portion of sternocleidomastoid muscle) is brought be- 
tween the trachea and these vessels. All wounds are 
drained. 

Of the twenty patients with reconstruction, 18 had pri- 
mary end-to-end anastomosis. In one patient who had a 
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Fic. 3. Tracheal stenosis 
at the cuff site shown by 
air tomography and tra- 
cheogram. 





long segment of trachea removed, a Bakamjian skin flap 
supported with 3 Teflon rings was used for the recon- 
struction. One patient with a 4 cm segment of tracheo- 
malacia had reconstruction by the bone splinting tech- 
nique described by Vasko.** Laryngeal release was used 
in five patients. The resected segment of trachea varied 
from 2 to 6 cm with an average length of 2.4 cm. 

Results. Three patients were treated conservatively. 
One with exuberant granulation tissue accumulation and 
loss of cartilage at the stomal site was treated with 
bronchoscopy, dilation and local steroid therapy (for 10 
days). He did well and remained asymptomatic over a 
year later. Another with laryngeal and subglottic tra- 
cheal stenosis due to a red rubber endotracheal tube, was 
treated with local steroids and dilation and has done 
well. One patient with a long segment of tracheal stric- 
ture, severe respiratory insufficiency and diabetes mellitus 
was considered unsuited for surgery. Her stenosis has 
been managed satisfactorily by a permanent traclicostomy 
though her severe respiratory insufficiency pers.sts. One 
further patient had cardiac arrest due to a previously 
unrecognized tracheal stenosis which was found during 
an unsuccessful attempt at intubation and resuscitation. 

The 20 patients who underwent reconstructive surgery 
have been followed from 6 months to 3% years. Twelve 
patients have had excellent results without any symptoms. 
Six patients are considered as having good results; they 
are asymptomatic except for mild exercise intolerance 
during heavy work. They have no stridor or radiologic 
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evidence of restenosis. Three of these 18 patients had 
granulation tissue at the anastomotic line which was re- 
moved by bronchoscopy. One patient restenosed 3% 
months after primary repair but has done well after a 
second procedure. 

One, who had respiratory failure three days post- 
operatively, required reintubation and tracheostomy. She 
developed restenosis possibly due to disruption of the 
suture line but is doing well with a permanent trache- 
ostomy. One postoperative death occurred due to medi- 
astinitis with an anastomotic leak and erosion of inno- 
minate artery. These latter two patients were operated 
upon with an open tracheostomy in place. We have sub- 
sequently avoided this. 

Prospective Study 

Ninety-two patients ranging from 1l to 86 years of 
age have been studied prospectively on the Thoracic and 
Cardiovascular Surgery Service. All had intubation and 
tracheostomy for respiratory insufficiency due to post- 
operative respiratory failure (50%), trauma (30%), or 
other assorted reasons. All of the tracheostomies were 
done by a vertical incision in the anterior trachea through 
the second and third or second, third and fourth tracheal 
rings. Each had an endotracheal tube with a large pre- 
stretched cuff and a tracheostomy tube with a self-in- 
flating foam cuff which could not exceed atmospheric 
pressure. 

Twenty-three died of their primary disease and 17 of 
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these had post mortem examinations. None showed any 
evidence of tracheal damage other than superficial mu 
cosal injury. None of the survivors, followed from 5-18 
months, have shown evidence of stenosis. Eleven patients 
have subsequently had bronchoscopy which showed no 
stenosis or tracheomalacia. Three patients had a repeat 
tracheostomy through the same incision for acute epi- 
sodes of respiratory failure and in each the previous 
tracheostomy site appeared intact with no cartilagenous 
damage. 
Discussion 

Many forms of respiratory insufficiency can be man 
aged by intubation oi tracheostomy with assisted ventila- 
tion and positive end expiratory pressure. The compli- 
cations of tracheostomy have been related to infection, 
poor tracheostomy care, errors in surgical technique and 
less than ideal cuffed tracheostomy tubes.’ ^ The major 
complication of air inflated cuffs has been tracheal steno 
sis. Mucosal damage. ulceration, fragmentation and loss 
of cartilage due to pressure necrosis by the inflated cuff 
may result in tracheal stenosis or tracheo-esophageal 
fistula.” The lattei grave 
ported mortality of 45% even with operative repair and 
71% in unoperated patients." We have seen four such 
patients and all four died in spite of enormous effort. 
All were related to pressure necrosis between the air 
inflated cuff and a firm nasogastric tube. 


is à complication with a re 


The most acceptable technique of tracheostomy con- 
sists of a transverse skin incision with minimal tissue dis- 
ection and a vertical incision only slightly longer than 
the tracheostomy tube diameter. ^?* A valuable addi- 
tion to this technique is the placement of traction sutures 
through the cartilage on each side of the tracheal incision 
which are helpful for reinsertion of a displaced trache- 
ostomy tube especially during the first 48 hours. Contrary 
to Andrews prospective study? we have found that steno- 
sis at the stomal site is less frequent than at the cuff site 
and both are preventable. 
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One of the cardinal sins of surgery is excision of a seg- 
ment of the tracheal cartilages, because this lack of 
structural support results in obligatory narrowing of the 
trachea (Fig. 5). Removal of a portion of anterior tra- 
cheal rings allows flaring of the lateral tracheal wall and 
a larger ostium. It always heals with granulation tissue, 
fibrosis and stenosis. Andrews relates most of their stomal 
stenoses to infection and the size of the ostium rather 
than excision of the tracheal wall per se. He believes that 
pressure on the edge of the stoma produces necrosis 
ot cartilage but our prospective and retrospective studies 
revealed no stenosis in any patient with a simple vertical 
incision in the trachea. Aberdeen reported excellent re- 
sults with the vertical tracheal stoma in infants and has 
never scen stomal stenosis as a result.! Use of a Bjork-type 
Hap does not scem advantageous over other techniques 
and precipitates more stomal stenosis and granulation 
tissue. !^ 

Red rubber tubes sterilized with ethylene oxide pro- 
duce excessive tissue reaction and inflammation due to 
arganotoxin.!! We had one patient who developed severe 
subglottic edema and ulceration 32 hours after intubation 
with such a tube. 

Tracheal damage at the site of the cuff can appear 
within 48 hours and progress from tracheitis to ulcera- 
tion of mucosa. fragmentation of the cartilage and scar 
tissue replacement of the tracheal wall.* We have found 
that the small nonpre-stretched cuff often supplied on 
commercial endotracheal and tracheostomy tubes may re- 
quire up to 100 mm Hg to achieve sufficient occlusion 
against the trachea. The round balloon has a small rim 
contacting the tracheal mucosa. Pressure beneath this 
may reach several hundred mm Hg/cm* of tissue (Fig. 
6). This is far beyond capillary filling pressure and necro- 
ses mucosa, muscle and cartilage—especially when the 
motion of respiration is added. The self-inflating foam cuff 
has a large surface area up to ten square centimeters at 
atmospheric pressure. There may be a minimal leak with 


Fic. 4. (left) Resected 
specimen of trachea and 
granulation tissue of ste- 
notic segment of tra- 
cheostomy site. (right) 
Resected specimen of ste- 
notic cuff site. 
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Fic. 5. Diagram showing 
obligatory narrowing of 
trachea when anterior 
cartilage is removed. 


high pressure respiration or positive end expiratory pres- 
sure (PEEP) but it is insufficient to void the effectiveness 
of the cuff. 

After tracheal stenosis develops management of the 
patient becomes extremely difficult. If not recognized 
promptly the results can be tragic, because the tracheal 
diameter is always below 5 mm, and any further difficulty 
can easily lead to suffocation. Immediate evaluation is 
important in any patient who develops stridor or even 
mild respiratory difficulty. Air tomography is diagnostic 
but the level and length of the tracheal stenosis is best 
assessed by the tracheogram. 

Careful evaluation of these patients is necessary for 
operative intervention. The debilitated patient or the 
one who will still require long term respiratory support 
is not a candidate for surgical reconstruction. Successful 
results have been reported with local steroids and dila- 
tion"!* as were accomplished in two of our patients. 
This can be successful for narrowing due to granulation 
tissue or partial stomal stenosis, but with full thickness 
damage of the tracheal wall, stenosis is unavoidable. 

The best results for fixed stenoses have been achieved 
with primary anastomosis.*!9? Evaluation of the level, 
extent, and type of lesion is necessary for formulation of 
the individual approach for reconstruction. Successful 
replacement of trachea and both stem bronchi with 
molded silastic prostheses has been reported,'* but the 
failure rate with tracheal substitutes is extremely high 
both clinically and experimentally.?! 

In the presence of an open tracheostomy, the failure 
rate is higher because of inflamed mucosa and submucosa 
at-the site of the anastomosis. A collar incision is satisfac- 
tory for short segments of upper tracheal stenosis. The 
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trachea can be mobilized and a two or three cm segment 
of trachea can be resected and reconstructed without ten- 
sion on the suture line. The entire trachea and carina can 
be mobilized with a combined collar and sternal splitting 
incision to allow a 3.5 to 4 cm resection and primary 
anastomosis. The lower trachea and carina are best ap- 
proached through a high right posterolateral thoracot- 
omy!? but this is not a necessary maneuver for mobilizing 
the lower trachea and carina for high anastomoses. Viable 
muscle interposed between the trachea and major vessels 
prevents constant motion, spread of infection, and erosion 
of the innominate artery or vein. Laryngeal release? is 
associated with excessive morbidity from fixation of the 
larynx, difficulty in swallowing and frequent aspiration. 
It should be reserved as a last resort for severe length 
problems. Staged shoulder tube flaps reinforced by em- 
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Fic. 6. Diagram of pressure effect of narrow rim of cuff contact 
contrasted to broad cuff. Narrow spike heel of 125 pound woman 
can exert pressure of a ton/sq. in. to scar a hardwood floor, 
while 200 pound man with 4 square inches of heel surface exerts 
only 50 pounds/sq. in. Narrow cuff causes pressure necrosis of 
mucosa, muscle, and cartilage. 
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bedded plastic rings may be used for long stenotic seg- 
ments of the trachea. 

Failure of reconstruction often results in permanent 
disability or a lethal outcome but restenosis can often be 
salvaged by another primary reconstruction. 
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who are supported entirely for their ventilation by external respira- 
tory devices. It is not unusual to see abraded mucous membranes, 
hemorrhage, hematoma and even fracture and fragmentation of 
the tracheal cartilages. As a matter of fact, one of the most common 
causes of blown cuffs is fracture of the cartilage on these chronic 
support services. 

In the past two years we have bronchoscoped patients folllowing 
tracheostomy with two different tracheostomy tubes: the Kamen- 
Wilkins and the Lanz tube both for the endotracheal tube and 
the tracheostomy tube. p 

After 10 years of seeing the horrible, suppurating, devitalized, 
abraded mucous membranes, we are now treated to see only 
the lightest bit of hyperemia at the site of the cuff. 

In the future, we must not permit use of any tracheostomy 
tube that has a lateral wall pressure of more than 50 mm torr. 
As yet, there are only two extant tubes which seem, with the 
use of a ventilator, to be able to effect that. This is the Lanz 
tube with its double balloon reservoir and the other one is fhe 
Kamen-Wilkins tube, which Dr. Webb demonstrated to you. 


Letters to the Editor 


Dear Editor: 


The Anglem and Leber paper (The Dubious Case for 
Conservative Operation in Operable Cancer cf the 
Breast. Ann. Surg., Nov. 1972, p. 625) was a direct at- 
tack on my published figures and on those of several 
others who have written in support of conservative op- 
erations, but none of us had an opportunity of reviewing 
the paper before it was published. Anglem and Leber's 
article contained no original material that had not been 
previously reported. Its comments on my results and on 
those of Dr. Vera Peters and of Drs. Brinkley and Hay- 
bittle contained manv inaccuracies. Quotations were 
lifted out of context to give false interpretations. Infor- 
mation that was necessary to interpret the comparisons 
was often withheld. Anglem and Leber's article also 
compared the Cleveland Clinics observed and unad- 
justed 10-year survival rate with their own survival rate 
based on "definitive cases," in which patients lost to 
_ followup or dying of causes other than cancer were not 
- counted. They also compared selected patients from in- 
dividual surgeons’ private practices with our unselected 
institutional experience involving all patients in all stages 
of breast cancer. Furthermore, they compared results in 
our patients, classified by Manchester Staging, with those 
obtained in the favorable groups of the Columbia Presby- 
terian Staging. Finally, they consistently considered only 
patients treated by radical mastectomy, disrega ding 
those who because of age, disabilitv, or extent of disease 
were considered to be inoperable. The results that were 
obtained in this favorable group they compared with 
those in our Manchester Stages I and II that included 
all patients in all stages except those in the hopelessly 
incurable Stages II and IV. 

The fact of the matter is that the 10-vear survival rate 
of the Cleveland Clinic's Manchester Stage I and II 
patients treated without radical mastectomy is identical 
(42% to 43%) with that reported in the National Cancer 
Registry, in which the patients were treated predomi- 
nantly by radical mastectomy. 

Dr. Anglem’s attack was rebutted in detail in the Fall 
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edition of the American Cancer Society's Journal, CA. 
Copies of an even more detailed rebuttal are available 
on request to anyone who wishes to write me for one. 


Sincerely vours, 

George Crile, fr, M.D. 
Cleveland Clinic 

Dept. of General Surgery 
9500 Euclid Avenue 
Cleveland, Ohio 44106 


Dear Editor: 


In a discussion of such a controversial subject ds the 
choice of treatment for operable cancer of the breast, 
critical analysis of the data presented by proponents of 
one side of the question cannot reasonably be considered 
an attack on the individuals whose material has been 
reviewed. We do not consider our critique of the case 
for conservative sur gery an attack on Dr. Crile or on any 
of the other authors whose data have been analyzed. 
Our purpose was simply an attempt to assess the validity 
of some of the claims made for conservative treatment 
and of the statistics offered in their support. 

Our comments on the evidences of bias in the form of 
favorable case selection in Crile’s and Peter's published 
reports are accurate and based on their own reported 
figures and can be fully documented. With respect to 
the Brinkley and Haybittle paper we might also have 
pointed out that of their unfavorable Stage IH cases, 77% 
were allocated for treatment by radical mastectomy and 
only 23% by local excision. 

Dr. Crile’s statement that we have compared Cleve- 
land Clinics observed and unadjusted 10-year survival 
rate with our own survival rate based on “definitive 
cases" in which patients lost to followup or dving of 
causes other than cancer is false and completely without 
foundation. 

In our own original paper we reported our 10-year 
survival rate for Columbia Stage A and B patients op- 
erated on between 1949 and 1959 as 602. In response to 
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Dr. Crile’ S original rebuttal we supplied our r figure for all 
operable patients in Columbia Stages A, B and C of 57%, 
in round numbers. In this calculation all patients dying 
of causes other than caücer were considered dead of 
cancer. In this series we had one patient lost to followup. 
Excluding this case, our 10-year survival rate was 57.28% 
and including it, 56.73%. 

‘Since Dr. Crile has seeri fit to raise this issue it may 
not be inappropriate to remind him that in two recent 
publications reporting his results following local excision, 
he has excluded from consideration a number of patients 
totalling in each instance 6% of the cases reported for 
reasons completely inadmissible by generally accepted 
standards of end result reporting. 

Dr. Crile’s suggestion that our clinical material is 
superior to his because our patients aré encountered in 
a private rather than an institutional practice and be- 
cause of his use of the Manchester classification versus 
our usé of the Columbia classification is totally unac- 
ceptable. In fact, the reverse is true. A far more reliable 
indication of the quality, of clinical material is the aver- 
age size of the tumors in the respective series. Dr. Crile 
reports the average diameter of the tumors in his patients 
treated by simple mastectomy as 2.5 cm. Ours, for all 
operated cases from 1949 to 1959, is 3.2 cm. This differ- 
ence is far greater than it appears at first glance. If the 
tumors may be considered roughly spherical, the volume 
of a tumor 3.2 cm in diameter is more than double that 
of one with a diameter of 2.5 cm. 

. Dr. Crile’s statement that we have consistently con- 
. sidered only patients treated by radical mastectomy, dis- 
regarding those who because of age, disability or extent 
of disease were considered inoperable, is meaningless. 
Of course we did, since we are discussing only operable 
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cancer of the breast. Tlie same is true of his operated 
cases which are all in Stage I and II which by definition 
are operable, as indicated in the table below modified 
from one of his recent publications. 


Cleveland Clinic 


All Patients 1957-1964 Inclusive 

Operable Stage I and II 

Inoperable from other causes 
Stage I & II 

Stages III and IV 


901 
401 


8 Inoperable 
101 Inoperable 


Finally, Dr. CHle's comparison of his l0:year survival 
rate for. his patients treated without radical mastectomy 
with that reported in the National Cancer Registry for 
patients treated pr edominantly by radical mastectomy is 
again a comparison of a highly selected group with a 
series that is totally unselected. Criles patients treated 
without radical mastectomy constitute a series contain- 
ing a great preponderance of Stage I cases and having 
an average diameter of only 2.5 cm and from which the 
more advanced and unfavorable Stage II cases have 
been screened out and allocated for treatment by his 
radical operation. 

Copies of our response to Dr. Crile’s detailed rebuttal 
will also be available on request to anyone who wishes 
to write for one. 


Sincerely yours, 

Thomas J. Anglem, M.D. 
Robert E. Leber, M.D. 

110 Francis Street 

Boston, Massachusetts 02215 
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losporin for parenteral AOON Itis the sodium salt of 3- 1 [(5 
methyl-1, 3, 4-thiadiazol-2-ylI)thio]methyl: -8-oxo-7-[2-( 1H-tetrazol 

1-yl) acetamido]-5-thia- 1 -azabicyclo( 4 2.0]oct-2-ene A carboxylic 

acid. The sodium content is 46 mg. per gram of cefazolin 


ACTIONS 

Microbiology: /n vitro tests demonstrate that the bactericidal action 
of cephalosporins results from inhibition of cell wall synthesis 
Ancef is active against the following organisms in vitro 
Staphylococcus aureus (penicillin-sensitive and penicillin-resistant) 
Group A beta-hemolytic streptococci and other strains of strep 
tococci (many strains of enterococci are resistant) 

Klebsiella species 

Enterobacter aerogenes 
Hemophilus influenzae 


Diplococcus pneumoniae 
Escherichia coli 
Proteus mirabilis 


Most strains of Enterobacter cloacae and indole positive Proteus 

(B vulgaris, P morgani, P. rettgeri) are resistant Methicillin-resistant 
staphylococci, serratia, pseudomonas, mima, herellea species are 
almost uniformly resistant to cefazolin 


INDICATIONS 
Ancef (sterile cefazolin sodium. SK&F ) is indicated in the treatment of 


the following serious infections due to susceptible organisms 


Respiratory tract infections due to Diplococcus pneumoniae 
Klebsiella species. Hemophilus influenzae, Staphylococcus aureus 
( penicillin-sensitive and penicillin-resistant). and group A beta 
hemolytic streptococci 


Injectable benzathine penicillin is considered to be the drug of choice 
in treatment and prevention of streptococcal infections, including 

the prophylaxis of rheumatic fever. Ancef is effective in the eradica 
tion of streptococci from the nasopharynx: however, data establish 
ing the efficacy of Ancef in the subsequent prevention of rheumatic 
fever are not available at present 

Genitourinary tract infections due to Escherichia coli, Proteus 
mirabilis, Klebsiella species, and some strains of enterobacter and 
enterococc! 


Skin and soft-tissue infections due to Staphylococcus aureus 
(penicillin-sensitive and penicillin-resistant) and group A beta 
hemolytic streptococci and other strains of streptococci 

Bone and joint infections due to Staphylococcus aureus 


C 


Septicemia due to Diplococcus pneumoniae, Staphylococcus 
aureus (penicillin-sensitive and penicillin-resistant), Proteus mirabilis. 
Escherichia coli. and Klebsiella species 


Endocarditis due to Staphylococcus aureus ( penicillin-sensitive and 
penicillin-resistant), and group A beta-hemolytic streptococci 
Appropriate culture and susceptibility studies should be performed 
to determine susceptibility of the causative organism to Ancef 


CONTRAINDICATIONS 
ANCEF IS CONTRAINDICATED IN PATIENTS WITH KNOWN 
ALLERGY TO THE CEPHALOSPORIN GROUP OF ANTIBIOTICS 


WARNINGS 

IN PENICILLIN-ALLERGIC PATIENTS, CE Agel 
SHOULD BE USED WITH GREAT CAUTION. THERE IS CLINICAL 
AND LABORATORY EVIDENCE OF PARTIAL CROSS. ALLE H 
GENICITY OF THE PENICILLINS AND THE CEPHALOSPORINS 
AND THEHE AHE INSTANCES OF PATIENTS WHO HAVE HAD 
REACTIONS TO BOTH DRUG CLASSES (INCLUDING FATAL 
ANAPHYLAXIS AFTER PARENTERAL USE) 

Any patient who has demonstrated some form of allergy. particularly 
to drugs. should receive antibiotics, including Ancet (sterile 
cefazolin sodium, SK&F) cautiously and then only when absolutely 


necessary. Serious anaphylactoid reactions require immediate 
emergency treatment with epinephrine. Oxygen, intravenous 
Steroids, and airway management, including intubation, should also 
be administered as indicated 

Usage in Pregnancy: Safety of this product for use during pregnancy 
has not been established 

Usage in Infants: Safety for use in prematures and infants under 1 
month of age has not been established 

PRECAUTIONS 

Prolonged use of cefazolin sodium may result in the overgrowth of 
nonsusceptible organisms. Careful clinical observation of the patient 
is essential 


When Ancef is administered to patients with low urinary output 
because of impaired renal function, lower daily dosage is required 
(see dosage instructions). A false positive reaction for glucose inthe 
urine of patients on Ancef has occurred with Clinitest" tablets 
solution 


ADVERSE REACTIONS 

The following reactions have been reported 

Hypersensitivity: Drug fever, skin rash, vulvar pruritus, and 
eosinophilia have occurred 

Blood: Neutropenia, leukopenia, thrombocythemia and positive 
direct and indirect Coombs tests have occurred 

Hepatic and Renal: Transient rise in SGOT, SGPT. BUN and alkaline 
phosphatase levels has been observed 

Gastrointestinal: Nausea, anorexia, vomiting, diarrhea, oral can 
didiasis (oral thrush) have been reported 

Other: Pain at site of injection after intramuscular administration has 
occurred, some with induration. Phlebitis at site of injection has been 
noted 


DOSAGE AND ADMINISTRATION 
Ancef may be administered intramuscularly or intravenously after 
reconstitution 


Dosage 

In adults, usual dosage for mild gram-positive infections is 250 mg 
to 500 mg. of Ancef every 8 hours. In acute uncomplicated urinary 
tract infections, a dosage of 500 mg. every 8 hours is usually ade 
quate. In moderate or severe infections, the usual adult dosage is 
500 mg. to 1 gram of Ancef every 6 to 8 hours. Ancef has been 
administered in dosages of six grams per day in serious infections 
such as endocarditis. Ancef may be used in patients with reduced 
renal function with the following dosage adjustments: In patients 
with mild to moderate impairment (creatinine clearance of 60-40 
ml/min.) 60% of the normal daily dose given in divided doses q1 2h 
should be sufficient. In patients with moderate impairment (creatinine 
clearance of 40-20 ml./ min.) 25% of the normal daily dose given in 
divided doses q12h should be sufficient. In patients with marked 
impairment (creatinine clearance of 20-5 ml/min.) 10% of the 
normal daily dose qiven q24h should be adequate. All dosage 
recommendations apply after an initial loading dose of 500 mg 

In children, a total daily dosage of 25 to 50 mg. per kg. (approxi 
mately 10 to 20 mg. per pound) of body weight, divided into three or 
four equal doses. is effective for most mild to moderately severe 
infections. Total daily dose may be increased to 100 mg. per kg. (45 
mg. per pound) of body weight for severe infections. Since safety for 
use in premature infants and in infants under one month has not 
been established, the use of Ancef in these patients is not recom 
mended 

For additional information on dosage and administration, see pack 
age literature or contact your SK&F Representative 

HOW SUPPLIED 

Ancef~ (sterile cefazolin sodium, SK&F) — supplied in vials equivalent 
to 250 mq , 500 ma.. and 1 gram of cefazolin 


Smith Kline & French Laboratories. Division of SmithKline Corp 
Philadelphia, Pa. 19101 
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CONCEPT 

Using the Burhenne technique and the MEDI-TECH steerable catheter, a 
significant number of non-operative removals of retained biliary stones have been 
achieved with consistent success." 

The safe, simple procedure, developed by Dr. H. Joachim Burhenne, is 
performed as a follow-up to cholecystectomy, after it has been determined, by a 
postoperative cholangiogram, that there are retained stones. The procedure is 
performed, at least four weeks after surgery, by removing the T-tube and advancing 
the MEDI-TECH Soft Steerable Catheter through the remaining T-tube tract. 

Unique maneuverability of the soft-steerable catheter tip permits the physician 
to dislodge, manipulate and reposition the stone(s). Contrast media is injected 
through the Luer-Lock and the Open Lumen of the MEDI-TECH catheter to 
enhance visualization. Then, with the stone in desired position, a wire basket or 
snare is passed through the Tuohy-Borst fitting and the open lumen to the site. 
When the stone is secured, the entire assembly is withdrawn. Although the soft-tip 
provides sufficient torque for this procedure, patient discomfort is minimal and 
no anesthesia or pre-medication is used. 


"REFERENCE 


Biliary Catheter System. 


ALSO 





NON-OPERATIVE REMOVAL 
OF RETAINED BILIARY STONES 
VIA THE BURHENNE TECHNIQUE' 









Burhenne, H. J., Non-operative Retained Biliary Tract Stone 
Extraction — A New Roentgenologic Technique, AMER. J. 
ROENTGENOLOGY, Vol. CXVII, No. 2, pp. 388-399, February 1973. 


AN X-RAY CINE FILM of the Burhenne procedure is avail- 
able. Please contact MEDI-TECH to arrange a viewing of 
the film and to obtain copies of reference articles plus 
complete information on the MEDI-TECH/ BURHENNE 


THE COMPLETE BILIARY CATHETER SYSTEM includes the 
MEDI-TECH Remote Control Handle, Special Biliary 
Catheters and Wire Stone Removal Baskets. 


the same MEDI-TECH Control Handle is used with a variety 
of other catheters and special accessories to perform a 
broad range of vascular, bronchial, GI and other procedures 
described in MEDI-TECH literature. 


MEDI-TECH, INC. 


MEDI 





® Name 


Division of Cooper Scientific Corporation 
| 372 Main Street, Watertown, Mass. 02172 








— Dept. 





. DIVISION Hosp. E 
Cooper Scientific Corporation | Address 
City _ 











372 MAIN STREET, WATERTOWN, MASS. 02172 Phone 


( 


L] Please send me complete information and prices on | 


Zip 


TEC H the Soft-Steerable Biliary Catheter System. 
L] We would be interested in viewing the X-Ray Film. 
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* Note: The use of DECADRON in cerebral edema is not a substitute for careful neurosurgical 
evaluation and definitive management such as neurosurgery or other specific therapy. 
Tablets: 1.5 mg, 0.75 mg, 0.5 mg, 0.25 mg 


Injection: 4 mg/ ml Phosphate 
an indication for DECADRON an DECADRON 
(Dexamethasone Sodium  (Dexamethasone|MSD) 

Phosphate |MSD) 


For a brief summary of prescribing information, please see following page. 





"Some degree of edema accompanies most 
head injuries. Various methods have been 
used to control this, but at present the most 
efficient method is use of...dexamethasone 
[DECADRON"']... . The effect of this is not well 
understood, but there is little question that 
edema of the brain is significantly lessened by 
its use." 


Ritchie WP: The emergency care of cerebral injuries, 
J Lancet 86:255, June 1966. 


The use of DECADRON in cerebral edema is 
not a substitute for careful neurosurgical eval- 
uation and definitive management such as 
neurosurgery or other specific therapy. 


Dosage for cerebral edema 


Injection DECADRON Phosphate is generally 
administered initially in a dosage of 10 mg 
dexamethasone phosphate (2.5 ml) IV followed 
by 4 mg dexamethasone phosphate (1 ml) IM 






Injection 


Phosphate 
eca r n j 


(Dexamethasone Sodium 
Phosphate|MSD) 


every six hours until symptoms of cerebral 
edema subside. Response is usually noted 
within 12 to 24 hours and dosage may be re- 
duced after two to four days and gradually dis- 
continued over a period of five to seven days. 
For the palliative management of patients with 
recurrent or inoperable brain tumors, main- 
tenance therapy should be individualized with 
either Injection DECADRON Phosphate or Tab- 
lets DECADRON (supplied as 1.5-, 0.75-, 0.5-, 
and 0.25-mg tablets). Two mg two or three 
times daily may be effective. The smallest dos- 
agenecessary to control cerebral edema should 
be utilized. The usual precautions in regard 
to corticosteroid therapy should be employed, 
and antacids, anticholinergic drugs, and diet 
measures to prevent gastrointestinal ulcer or 
hemorrhage should be considered. Please read 
the brief summary below, and consult full pre- 
scribing information before prescribing or 
administering. 





Contraindications: Systemic fungal infections. 


Warnings: In patients on corticosteroid therapy subjected 
to unusual stress, increase dosage of rapidly acting corti- 
costeroids before, during, and after the stressful situation. 
Corticosteroids may mask some signs of infection; new 
infections, decreased resistance, and inability to localize 
infection may occur. Prolonged use of corticosteroids may 
produce posterior subcapsular cataracts and glaucoma 
with possible damage to optic nerves and may enhance 
the establishment of secondary, fungal or viral ocular in- 
fections. 


Usage in pregnancy: In pregnancy, nursing mothers, or 
women of childbearing potential, weigh possible benefits 
against potential hazards to mother and embryo or fetus. 
Infants of mothers on substantial doses of corticosteroids 
during pregnancy should be carefully observed for signs 
of hypoadrenalism. 


Elevation of blood pressure, salt and water retention, and 
increased excretion of potassium may occur with large 
doses of synthetic corticosteriods; dietary salt restriction 
and potassium supplementation may be necessary. All 


corticosteroids increase calcium excretion. Patients on 
corticosteroid therapy should not be vaccinated against 
smallpox and other immunization procedures should not 
be undertaken. Corticosteroids may suppress reactions 
to skin tests. 


In active tuberculosis, use should be restricted to fulmi- 
nating or disseminated tuberculosis and should be in 
conjunction with appropriate antituberculous regimen; in 
latent tuberculosis or tuberculin reactivity, close observa- 
tion is necessary as reactivation of the disease may occur, 
and patients should receive chemoprophylaxis durine nro- 
longed corticosteroid therapy. 


Because rare instances of anaphylactoid reactions have 
occurred in patients receiving parenteral corticosteroid 
therapy, appropriate precautionary measures should be 
taken prior to parenteral administration, especially in pa- 
tients with history of drug allergy. . 


Precautions: ORAL AND PARENTERAL THERAPY—Drug-induced 
secondary adrenocortical insufficiency may persist for 
months after discontinuation of therapy and may be mini- 
mized by gradual reduction of dosage; in any situation of 


stress occurring during tnat period, hormone therapy 
should be reinstituted. If patient already is receiving ste- 
roids, dosage may have to be increased. Since mineralo- 
corticoid secretion may be impaired, salt and/or a 
mineralocorticoid should be administered concurrently. 


In hypothyroidism and in cirrhosis, there is an enhanced 
effect of corticosteroids. Use cautiously in patients with 
ocular herpes simplex for fear of corneal ulceration and 
perforation. 


The lowest possible dose should be used, and when re- 
duction in dosage is possible, it must be gradual. Psychic 
derangements may appear, ranging from euphoria, in- 
somnia, mood swings, personality changes, and severe 
depression to frank psychotic manifestations, and existing 
emotional instability or psychotic tendencies may be ag- 
gravated. In hypoprothrombinemia, use aspirin cautiously 
in conjunction with corticosteroids. 


Use with caution in nonspecific ulcerative colitis, if there 
is a probability of impending perforation, abscess, or other 
pyogenic infection; also in diverticulitis, fresh intestinal 
anastomoses, active or latent peptic ulcer, renal insuffi- 
ciency, hypertension, osteoporosis, and myasthenia gravis. 
Fat embolism has been reported as a possible complica- 
tion of hypercortisonism. An ulcer regimen including an 
antacid should be considered as a prophylactic measure 
during prolonged therapy. 


Growth and development of infants and children on pro- 
longed therapy should be carefully followed. Motility and 
number of spermatozoa may be increased or decreased. 
Diphenylhydantoin may enhance the rate of metabolism 
and clearance of corticosteroids, and this may increase 
steroid dosage requirements. 


ORAL THERAPY—Dosage must be individualized according 
to severity of disease and response of patient. Blood pres- 
sure, body weight, routine laboratory studies, including 
2-hour postprandial blood glucose and serum potassium, 
and a chest x-ray should be obtained at regular intervals 
during prolonged therapy. Upper G.I. x-rays are desirable 
in patients with known or suspected peptic ulcer disease. 
Continued supervision of patient after cessation of corti- 
costeroids is essential, since there may be a sudden re- 
appearance of severe manifestations of disease for which 
patient was treated. 


PARENTERAL THERAPY—The injectable form is sensitive to 
heat and should not be autoclaved when it is desirable to 
sterilize the exterior of the vial. Intra-articular injection 
may produce systemic as well as local effects. Appropriate 
examination of any joint fluid present is necessary to ex- 
clude a septic process. Marked increase in pain accom- 
panied by local swelling, further restriction of joint mo- 
tion, fever, and malaise are suggestive of septic arthritis; 
if this complication occurs and diagnosis of sepsis is con- 
firmed, appropriate antimicrobial therapy should be in- 
stituted. Local injection of a steroid into an infected site is 
to be avoided. Should not be injected into unstable joints. 
Patients should be impressed strongly with the impor- 
-tance of not overusing joints in which symptomatic bene- 
fit has been obtained as long as the inflammatory process 
remains active. The slower rate of absorption by intra- 
muscular administration should be recognized. 


Adverse Reactions: ORAL AND PARENTERAL THERAPY—fF /uid 
and Electrolyte Disturbances: Sodium retention; fluid re- 
tention; congestive heart failure in susceptible patients; 
potassium loss; hypokalemic alkalosis; hypertension. 
Musculoskeletal: Muscle weakness; steroid myopathy; 
loss of muscle mass; osteoporosis; vertebral compression 
fractures; aseptic necrosis of femoral and humeral heads; 


pathologic fracture of long bones. Gastrointestinal: Peptic 
ulcer with possible subsequent perforation and hemor- 
rhage; pancreatitis; abdominal distention; ulcerative 
esophagitis. Dermatologic: Impaired wound healing; thin 
fragile skin; petechiae and ecchymoses; erythema; in- 
creased sweating; may suppress reactions to skin tests; 
other cutaneous reactions. Neurologic: Convulsions; in- 
creased intracranial pressure with papilledema (pseudo- 
tumor cerebri) usually after treatment; vertigo; headache. 
Endocrine: Menstrual irregularities; development of cush- 
ingoid state; suppression of growth in children; secondary 
adrenocortical and pituitary unresponsiveness, particu- 
larly in times of stress, as in trauma, surgery, or illness; 
decreased carbohydrate tolerance; manifestations of la- 
tent diabetes mellitus; increased requirements for insulin 
or oral hypoglycemic agents in diabetics. Ophthalmic: 
Posterior subcapsular cataracts; increased intraocular 
pressure; glaucoma; exophthalmos. Metabolic: Negative 
nitrogen balance due to protein catabolism. 


PARENTERAL THERAPY—Hypotensive or shock-like reaction 
hypersensitivity; thromboembolism; burning or tingling, 
especially in the perineal area (after IV injection); rare in- 
stances of blindness associated with intralesional therapy 
around the face and head; hyperpigmentation or hypo- 
pigmentation; subcutaneous and cutaneous atrophy; ster- 
ile abscess; postinjection flare (following intra-articular 
use); Charcot-like arthropathy. 


How Supplied: Tablets in four strengths: 1.5 mg dexa- 
methasone, in bottles of 50; 0.75 mg dexamethasone, in 
5-12 PAK® (package of 12), single-unit packages of 1CO, 
and bottles of 100 and 1000; 0.5 mg dexamethasone, in 
bottles of 100 and 1000; and 0.25 mg, in bottles of 100. 
Injection, in 1-ml disposable syringes and 1-ml, 5-ml, and 
25-ml vials, containing per ml: dexamethasone sodium 
phosphate equivalent to 4 mg dexamethasone phosphate 
or 3.33 mg dexamethasone, 8 mg creatinine, 10 mg so- 
dium citrate, sodium hydroxide to adjust pH, water “or 
injection q.s. 1 ml, and 1 mg sodium bisulfite, 1.5 mg 
methylparaben, and 0.2 mg propylparaben added as pre- 
servatives. 


For more detailed information, consult your MSD repre- 
sentative or see full prescribing information. Merck Sharp 
& Dohme, Division of Merck & Co., INC., West Point, Pa. 
19486 


Tablets 


DECADRON 
(Dexamethasone MSD) 


Injection Phosphate 


DECADRON' 


(Dexamethasone Sodium 
Phosphate|MSD) 
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Surgical nutrition—a case history: 
giant esophageal diverticulum; surgical treatment followed 


by esophagocutaneous fistula 


Management of medical-surgical problems frequently 
requires a multifaceted approach—each facet contribu- 
ting to the patient’s outcome. The following case history 
demonstrates the allied roles of surgical management 
and sound nutritional support. 


The patient: A 72-year-old man with a history of severe 
dysphagia was admitted to the hospital because his com- 
plaint had become markedly worse in the past few 
months. He could hardly swallow and regurgitated a 
| considerable portion of what he did manage to eat. 





Thin almost to the point of emaciation, he was 68 
inches tall and weighed 126 pounds. The patient was 
well below his desirable weight. 

X-ray studies showed a massive cricopharyngeal di- 
verticulum, extending down to the level of the aortic 
arch. No other abnormal conditions were found. 


Surgical treatment: At operation the opening at the 
back of the esophagus was found to be about 2 inches 
in diameter. Extremely dense adhesions surrounded the 
diverticulum, and resection was accomplished only with 














considerable difficulty. The excised tissue showed evi- 
dence of chronic inflammation, but no tumor was seen. 
A Levin tube was threaded through the esophagus under 
direct vision, and a Penrose drain was placed in the 
incision. The patient withstood the procedure very well. 


Postsurgical course: For 3 days following the surgery, 
the wound seemed to heal normally; the patient was 
swallowing well, and his condition improved daily. 
However, when the Penrose drain was removed, an in- 
flamed fistulous tract was discovered in the wound. An 
antibiotic and streptokinase-streptodornase were ad- 
ministered. Drainage from this opening continued for 
about 10 days. 


Nutritional management: Inability to eat had caused 
deterioration of the patient’s nutritional status as evi- 
denced by gross weight loss. To provide for an optimal 
nutritional condition to meet increased postsurgical 
metabolic needs, Vivonex High Nitrogen was used and 
clear liquids were given as desired. Postoperatively, the 
patient experienced no weight loss. His nutritional 
status was greatly improved. 


Outcome: Surgical results were good as demonstrated 
through regained normal function of the esophagus. 
With the aid of drug therapy, the postsurgical fistula 
closed spontaneously. When discharged the patient was 
in excellent condition, nutritionally stable, able to take 
a full diet and rapidly regaining weight. 
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Nutrition to meet a challenge 


Vivonex High Nitrogen and Vivonex Standard pro- 
vide balanced elemental nutrition with no indigestible 
matter. 


Both consist entirely of the essential nutrients: pure 
amino acids, simple carbohydrates, vitamins, minerals 
and a small amount of essential fat...all rapidly and 
completely absorbed in the upper small intestine. 


Both are free of whole protein, peptides and pep- 
tones...free of milk and milk by-products. 


Vivonex High Nitrogen...the first oral hyper- 
alimentation. It helps restore positive nitrogen bal- 
ance; helps prevent protein wastage. 


Vivonex Standard is supplied in boxes containing six 80-gram 
packets providing 1800 Calories, 5.88 grams of useable nitro- 
gen (equivalent to 36.75 grams of useable protein) and a full 
day's balanced nutrition. It ¿s now available unflavored (may 
be flavored to each patient's taste; ideal for tube feeding), and 
in the s7x original palatable flavors: Orange, Vanilla, Grape, 
Chocolate, Strawberry, Beef Broth. 


Vivonex High Nitrogen is supplied in boxes containing ten 
80-gram packets of unflavored water-soluble powder providing 
3000 Calories, 20 grams of useable nitrogen (equivalent to 
125 grams of useable protein) and a full day’s balanced nu- 
trition, including the Recommended Daily Allowances of 
vitamins and minerals. 













Standards for the new kind of nutrition 


Vivonex’ Standard 


the original chemically defined elemental 
standard food/soluble powder 


Vivonex High Nitrogen 


the original chemically defined elemental 
high nitrogen food/soluble powder 


E] B 


®Originators of chemically defined diets 
Eaton Laboratories 
division of Morton-Norwich Products, Inc. 
Norwich, New York 13815 





Intreating constipation..a hurried move — 
Can end in a stalemate. 
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Fora sure move...consider the two new stool softeners from Searle. 


. Comfolax Comfola 


(dioctyl sodium sulfosuccinate) 


Comfolax is recommended: 


In Acute and Chronic Disease, in 
Hemorrhoids, and in Other Anorectal 
Disorders 


e Comfolax softens stools, thus minimizing 
colonic and anorectal imitations that may 
be caused by hard, dry feces. 


e Softening the stool can help eliminate 
painful, sometimes dangerous, straining. 
In Spastic Constipation 


e Comfolax generates a softened fecal 
mass for easier transit through the 
hypertonic colon. 


In Pregnancy 


e Comfolax softens intestinal content without 
causing irritation or pelvic congestion and 
without increasing peristaltic activity. 








(dioctyl sodium sulfosuccinate with cosonthranol 


Comfolax-p/us is recommended: 


In Stubborn Constipation 


e Comfolax-p/us softens intestinal content 
in impaction-prone patients and gently 
stimulates bowel activity. 


Before Surgery 


* Rapid elimination is provided, thereby 
predictably ridding the bowel of its 
content in preparation for surgery. 


Following Surgical Procedures 


e Comfolax-plus counteracts intestinal 
atony, a frequent problem in patients 
during forced inactivity with debilitation. 


To Prevent Constipation in 
Postpartum Patients 


e Comfolax-plus provides gentle and 


predictable bowel action after childbirth. 


e Comfolax-plus minimizes schedule 
disruption for the mother during her first 
few days at home. 


X-plus 


Two of the highest quality and least expensive fecal softeners your 
patients can buy. Both have a broad range of usefulness and are 
* available without a prescription. 


Comfolax’ 


y! sodium sulfosuccinate 


How supplied: 


Comfolax capsules ore dark green and 
contain 100 mg. of dioctyl sodium 
sulfosuccinote. available in trode-size 
pockages of 12 and 60. ond in unit-dose 
cartons of 1,000 for hospitals 


Dosage: 


For simple constipation in adults or in 
children over 12. one Comfolax 100-mg 
capsule 1 or 2 times daily is recommended. 
in severe adult constipation. 2 capsules b.i.d 
Because of its dosage size. Comfolox is 

not recommended for use by children less 
than 12 years of age 


Comfolax-plus 


with casanthranol 


How supplied: 


Comfolax-pf/us is supplied in capsules 

of two-toned green. containing 100 mg. of 
dioctyl sodium sulfosuccinate and 30 mg. of 
casanthranol, o gentle stimulant, in trade- 
size packages of 10 and 60 capsules, 

and in unit-dose cartons of 1.000 capsules 
for hospital use 


Dosage: 


The recommended odult dose is 1 or 2 
capsules ot bedtime for 4 or 2 days. then 

! capsule daily as needed Because of its 
dosage size, Comfolax- plus is not 
recommended for use by children less than 
12 years of age 


Warnings: Do no! use Comfolax-p/us 

when abdominal pain, nausea or vomiting  . 
is present. Frequent or prolonged use of this 
preparation may result in dependence 

on laxatives. 4G1 


Searle Laboratories 
SEARLE Division of G. D Searle & Co , Chicago 


Vi-Drape Products help you 
improve sterile technique in 
surgery and obstetrics and reduce 
your burden of concern over 
contamination. Vi-Drape Instant 
Surgical Film, Sterile, is for fast, 
easy draping of entire surgical 
area. Self-adhering, transparent, it 
securely bonds to skin right up to 
incision edges, with incision 
through the film, thereby prevent- 
ing skin bacteria from migrating 
to wound edges. 


Vi-Drape Regular Surgical 
Film is used with a Vi-Drape spray- 
on adhesive. It, too, forms a sterile 
“second skin” that stays in place 
even during prolonged surgery. 
Especially suited for hard-to-drape 
areas and lengthy surgery. 


Vi-Drape Wound Protector 
provides a practical way to shield 
surgical wounds from visceral 
bacteria. 


Vi-Drape Intestinal Bag, 
Sterile, is a protective receptacle 
for exteriorizing intestines in major 
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VI-DRAPE Instant Surgical Film, Sterile, 
applied to abdomen ready for incision 
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VI-DRAPE Wound Protector in place 


inside incision 
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VI-DRAPE Intestinal Bag in use 
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abdominal surgery. The 
with sodium chloride 
and the intestines are 
Additional sodium chlc 
tion may be added fi 
protection of the intesti 
suggested uses are sul 
lation of an extremit 
surgery, and as a sterile 
a microscope or camere 


Vi-Drape Instant V. 
with Pouch, Sterile, sect 
off anal-area contamin 
ing surgery. The plast 
attached to the vaginal b 
and measures up to 5 
blood lost in surgery, hc 
men tissue collected in 
procedures, and pro 
weighted speculum ag; 
tamination. 

Available through surgi 
dealers. Write for nam 
nearest dealer. 


VI-DRAPE Products by 
PARKE-DAVIS 


A Medical-Surgical Products Divi 


PARKE, DAVIS & COMPANY, 
Detroit, Michigan 48232 


LL EU (Multi-Vitamin 
Each 10 cc. ampul' or 5 cc. Concentrate vial g 


Ascorbic acid (C) 

Vitamin A* 

Vitamin D*(ergocalciferol) RR 1,000 
Thiamine HCI (B:) 

Riboflavin (B2)! 

Pyridoxine HCI (Be) 

Niacinamide 

Dexpanthenol 

Vitamin E* (dl-alpha tocopheryl acetate) 


' With sorethytan laurate 1%, sodium hydroxide 1 
tisic acid ethanolamide 2% as preservative. 


PADGETT-HOOD 


ELECTRO - DERMATOME 


‘With propylene glycol 30% as stabilizer and { 
sodium hydroxide for pH adjustment, and soret 
1.6%; in Concentrate as riboflavin-5-phosphate 


*Oil-soluble vitamins A, D and E water sol 


Gives uniform grafts up to 4 inches in sorethytan laurate; covered by U.S. Patent No. 4 


width, and to any length. The Surgeon, 
using but one hand, can operate this 
lightweight instrument without assist- 
ance. EXPENDABLE KNIFE BLADE 
does not require tools. Handy switch is 
located on motor so that the Surgeon 
can control it with his index finger. En- 
tire unit can be autoclaved. Guaranteed, 


For Complete Information Write 


BRIEF SUMMARY 


INDICATIONS: in emergency feedings—Sur 
sive burns, fractures and other trauma, seve 
diseases, comatose states, etc. may provoke a 
uation with profound alterations in the body 
demands and consequent tissue depletion of n 
result, wound healing may be impaired, enzyme 
turbed, hematopoietic tissues affected; hypo 
and edema may appear; convalescence is thus 
In such patients M.V.I. (administered in intrav 
under proper dilution) contributes optimum vi 
toward maintaining the body's normal resistanc 
processes. 

DIRECTIONS FOR USE: M:V.I. is ready for im 
when added to intravenous infusion fluids. 
—— —————————  HÉHE For intravenous feeding, one daily dose of 10 cd 


PADGETT DERMATOME DIVISION 
3953 BROADWAY/KANSAS CITY, MO. 64111 





5 cc. of M.V.I. Concentrate added directly to 
500 cc., preferably 1,000 cc., of intravenous de 
or similar infusion solutions. ..plasma, protein h 
etc. 


PRECAUTION: Allergic reaction has been knq 
following intravenous administration of solution 
thiamine. 

CAUTION: Not to be given as a direct undiluted 
injection as it may give rise to dizziness, faintnes 
THERAPEUTIC NOTE: Intravenous use shoul 
tinued as early as practical in favor of an intra 
oral vitamin preparation, if deemed advisable. 
HOW SUPPLIED: M.V.I.—10 cc. ampuls, boxe 
100. | 

M.V.Il. CONCENTRATE—5 cc. vials, boxes of 4 
in 100's only. 
















CHANGE OF ADDRESS 


Change of Address: Please allow 60 days 
before date of issue for change of address. 
Notification should include the old as well 
is the new address, with indication of 
whether the change is temporary or per- 
nanent. Please give the name of the Jour- 


aal. 


send Change of Address cards to: 


ANNALS OF SURGERY 
c/o Fulfillment Manager 
East Washington Square 


Philadelphia, Penna. 19105 






PHARMACEUTICALS 
USV PHARMACEUTICAL CORP. 
Tuckahoe, N. Y. 10707 





A Jf 
(Mutt ‘Vitamin Infusion) 


short term or long term 


. Amore comprehensive parenteral 
vitamin formula because... 


M.V.l. includes not only the B complex* and C 
vitamins but also the fat-soluble vitamins A, 
D and E—water solubilized for faster, | 
i more complete aia 


See opposite page for product Ce a 
Brief Summary. 


V.I. formula contains vitamins B), B 
iacinamide, dexpanthenol and Ba. If needed: 
vitamin K, vitamin B,2 and folic acid may 
be optional additions to parenteral nutrition 
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Multi-Department Monitors 


With rising overhead costs, mul- 
tiple-use equipment is of critical 
importance. Burdick offers inter- 
departmental versatility to ex- 
tend your coronary care skills in 
a variety of critical areas—with 
a minimum investment in instru- 






Burdick monitors 
move from area to 
area — ICU, CCU, quim 
Emergency, Recov- ^ ^ 


ery and Operating rooms, and 
for ECG and ExECG procedures. 
Check the applications of Bur- 
dick’s interchangeable pream- 
plifiers and integral heart rate 
meter for even greater versatility. 
Call your Burdick dealer for a 

demonstration, or write 
The Burdick Corporation, 
Milton, Wisconsin 53563. 


BURDICK 





brain aloscess 
or tumor ?* 
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in any case... 
when nutritional 
supplementation 
iS indicateg 

after surgery 


Berocca is therapy 


tablets 


With balanced, high potency B-complex Indications: Nutritional supplementation in condi- 








. : s tions in which water-soluble vitamins are required 
and C vitamins. .. Virtually no odor prophylactically or therapeutically. 
or aftertaste...Low priced Rx formula. Warning: Not intended for treatment of pernicious 


anemia or other primary or secondary anemias. 
Neurologic involvement may develop or progress, 
despite temporary remission of anemia, in patients 


Please see complete product information, with pernicious anemia who receive more than 0.1 

a summary of which follows: mg of folic acid per day and who are inadequately 
. treated with vitamin Bye. 

Each Berocca Tablet contains: Dosage: 1 or 2 tablets daily, as indicated by 

Thiamine mononitrate (Vitamin B;)......... 15 mg clinical need. 

Riboflavin (Vitamin Bo).............00 008. 15mg Available: In bottles of 100. 

Pyridoxine HCI (Vitamin Bg). .......... s.s. 5 mg 

Hiscinafnii. iiio sore Ve iD P EpCPUTEUR Ic MID 

Calcium pantothienate . «c: 03c85 3 20 mg 

Cyanocobalamin (Vitamin Bi2)............. 5mcg 

PONC BCI 24 sic006 ck ona ema buses beet i bm 

Ascorbic acid (Vitamin G). «22242 o eee 500 mg ROCHE LABORATORIES 


Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 
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. Moments and milliliters... both are critical in treating 
hypovolemic shock since survival depends on the rapid, 
efficient restoration of circulating blood volume. Also 
crucial is the volume expander you use "stat." 
Rheomacrodex starts to work immediately to restore blood 
volume and adequate tissue perfusion. 


Greater Initial Plasma Volume 


In a recent study,! plasma volume expansion and cardiac 
output were measured in 36 patients with moderate or 
severe degrees of shock and in eight healthy subjects 
before, during and after infusion with 500 ml 10% dextran 


40, whole blood, 6% dextran 70, plasma, and 5% dextran 40. 


The greatest plasma volume expansion was established in 
the 24 shock patients treated with Rheomacrodex. Peak 
plasma volume increases were more than one liter above 
controls. Plasma volumes decreased slowly as urinary 
output increased. Other studies also show the superiority 
of Rheomacrodex over blood, plasma, saline or lactated 
Ringer's for increasing initial plasma volume? 


Improved Cardiac Output 


Measurement of hemodynamic effect revealed increased 
cardiac output directly related to increased volume 

expansion. Peak C.O. values occurred 15 minutes after 
Rheomacrodex infusion. In patients with moderate or 
severe degrees of shock, 10% dextran 40 increased cardiac 
output an average of 70% above control values.! 


Rheomacrodex improves hemodynamics — restores effective 


cardiac output and tissue perfusion — better than whole 
blood, plasma or clinical dextran. 


Increased Tissue Perfusion 


Restoring blood pressure often is not enough to reverse 
shock. Most important is the maintenance of adequate 


tissue perfusion. Rheomacrodex achieves this by decreasing 


red blood cell aggregation to a greater extent than 
crystalloids, blood or plasma.* This improvement in 
microcirculatory blood flow is reflected in increased 
oxygen availabi.ity and consumption, a vital contribution 
to the reversal of shock." 


Delayed Renal Excretion ° 


In hypovolemia, delayed renal clearance tends to prolong 
the colloid osmotic effects of Rheomacrodex.' During 
infusion, Rheomacrodex is evenly distributed in the 
vascular system. The plasma concentration of dextran falls 
rapidly during the first hour as smaller molecules are 
excreted. Generally, 70% of Rheomacrodex infused in 
normovolemic subjects is excreted via the kidney in 

24 hours.?? Excretion is then slowed as the higher molecular 
weight fraction of dextran remains in the circulation to be 
metabolized at the rate of 70-90 mg/kg body weight per 
24 hours. 


Guidelines for Use 


1. May be administered on a “response to therapy 
basis” up to 1,500 ml initially in first 24 hours. 


2. Infuse first 500 ml within 30 minutes. 


3. To support blood volume beyond 24 hours, 
administer 500 to 1,000 ml daily. 


4. Do not continue beyond five days. 
5. May be given with whole blood. 


6. Keep patient well hydrated. Increase hydration 
if urine flow drops below 50 ml/hour. 


7. Can be given to any patient without blood 
typing. However, blood should be drawn prior 
to infusion for future testing. 


REFERENCES: 1. Shoemaker, W.C. and Monson, D.O.: Surg. Gynec. Obstet. 13745, 

1973. 2. Ahnefeld, FW. et al.: Anaesthesist 14:137 (May) 1965. 3. Gelin, L.E. et al.: Acta 
Chir. Scand. 122:308, 1961. 4. Gruber, U.F. et al.: Proc 10th Cong Int Soc Blood Trarisf., 
1955, pp. 1116-1118, S. Karger, Basel (Switzerland). 5. Gruber, U.F. et al.: Sympostum 

on Rheomacrodex | (1964), pp. 13-23. B. Mainardi, L.C. et al.: Surgery 56:349 (Aug.* 
1964. 7. Martinovic, N. and Melrose, D.: J. Cardiovasc. Surg. 4:610 (Aug.) 1963. 

8. Suzuki, F. et al.: Ann. Surg. 160-263 (Aug.) 1964. 9. Baker, RJ. et al.: Arch. Surg. 
90:538 (Apr) 1965. 10. Baker, R.J. et al.: Arch. Surg. £9:373 (Aug) 1964. 11. Mohr, PA. * 
et al.: Circulation 39:379 (1969). 12. Arturson, G. and Wallenius, G.: Scand. J. Clin. Lab. 
invest. 16:81, 1964. 


Rheomacrodex 


(dextran 40 


For greater blood volume...faster 


a peel las Hypersensitivity to dextran. Marked hemostatic defects of all types. 
: Marked cardiac decompensation. Renal disease with severe oliguria or anuria. 


« WARN INGS: Severe and fatal anaphylactoid reactions may occur infrequently during the early 


«* part of the first infusion of dextran. If such reactions appear imminent, stop infusion 


Ge 


immediately. Since dextran draws water from extravascular space, give dehyd rated patients 


- additional fluids (degree of dehydration can be assessed by serum or urine osmolarity). 


... Diuretics may be used to maintain adequate urine flow. Renal failure, sometimes irreversible, 


osmetic nephrosis, and, occas onally, abnormal hepatic and renal function values have been 
reported. Because safety in ea-ly pregnancy has not been established, do not use in women of 


: childbearing age unless potential benefits outweigh risks. Use cautiously in patients with 
, active bleeding. 


. PRECAUTIONS: Doses up to 15 ml/kg may produce small changes in coagulation; factor VIH 


may decrease markedly, but Cleeding time is only rarely prolonged significantly. Observe all 
patients for early signs of bleeding complications. Monitoring of central venous pressure may 
help avoid circulatory overloading. Do not depress hematocrit below 30 vol. 96. Dextran 


interference with blood glucose determinations, some blood typing and cross matching 


procedures and bilirubin and protein assays can be avoided by drawing blood sampiss prior to 
giving Rheomacrodex or by informing lab that Rheomacrodex has been given so that suitable 
assay methods can be used. : 


ADVERSE REACTIONS: Hypersensitivity reactions, which occur infrequently, can range from 
mild cutaneous eruptions to generalized urticaria, nausea and vomiting, tightness of the chest, 
wheezing, and, rarely, to anaphylactoid (allergic) shock, If any such reactions appear, start 
appropriate countermeasures promptly. 


DOSAGE: Total dosage should not exceed 20 mi /kg in the first 24 hours or 10 ml /ka. in each 
subsequent 24 horrs. Do not continue beyond 5 days. 


SUPPLIED: Bottles of 500 m! 1096 solution in normal saline or in 5% aqueous dextrose. 


e) Pharmacia 


PHARMACIA LABORATORIES INC. 
800 Centennial Avenue, Piscataway, New Jersey 08854 


Readi-Cast’ Forte best-looking 


Plaster-of-Paris cast room 
Bandages and Splints in the business 


Clean and neat counts. every time...formulated to e Less Raveling. Strong, clean, 
And Readi-Cast Plaster-of-Paris control setting time. pinked edges prevent threading 
Bandages and Splints are designed *Ħ Excellent Cas: Strength. Good and raveling during application. 
to be as clean and neat as can be. early (green) cast strength... Help assure smooth, strong, 
With special binders and an approaching £00 Ib per square neat cast. 
exclusive impregnation process inch after one hour, depending Add up the advantages and we 
that keeps plaster on the bandage on size of cast Attains maximum think you'll see how Readi-Cast 
and off the floor. There’s less mess; strength in 72 nours. can help you sculpt the best- 
no dripping. e Smooth texture. Creamy looking cast in the business. Why 
But clean and neat is only part of consistency; not sloppy. Lets you not contact your Parke-Davis 
the Readi-Cast story. Consider make a beautiful cast. Easy on Medical-Surgical Representative 
these other features. the hands; not gritty. for a trial order and demonstration? 
e Consistent Setting Time. Choose œ Instant Wet-Ott. Saturates 

Extra-Fast or Fast-Setting immediately (maximum of five Medical-Surgical Products Division 

Readi-Cast; they’re consistent seconds) for controlled winding e PARKE, DAVIS & COMPANY 

and no dry spots. Detroit, Michigan 48232 
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HERE Burns 





When parenteral analgesia 
is no longer required, 
Empirin Compound with 
Codeine usually provides the 
relief needed. 





Sutures 





Empirin Compound with 
Codeine is effective for 
visceral as well as soft tissue 
pain—provides an antitussive 
bonus in addition to its 
prompt, predictable 
analgesia. 


ill prescribing convenience: 
up to 5 refills in6months, 
at your discretion (unless 
restricted by state law); by 
telephone order in many states. 


Empirin Compound with 
Codeine No. 3, codeine 
phosphate* 32.4 mg. (gr. 1); 
No. 4, codeine phosphate* 
64.8 mg. (gr. 1).*Warning— 
may be habit-forming. Each 
tablet also contains: aspirin 
gr. 34%, phenacetin gr. 2%, 
caffeine gr. %. 


* Burroughs Wellcome Co. 
Research Triangle Park 
Wellcome / North Carolina 27709 
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nicely, 





but it still 





EMPIRIN 
COMPOUND 


c CODEINE 


#3, codeine phosphate* (32.4 mg.) gr. Y^ 
#4, codeine phosphate* (64.8 mg.) gr. 1 
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pace Age Microbicidal Powe 


For optimal preoperative skin degerming — BETADINE Surgical Scrub. Chosen 
by NASA for Apollo 11/12/14 splashdowns, BETADINE Surgical Scrub provides 
a golden microbicidal lather for prepping the operative site... kills both gram- 
positive and gram-negative bacteria (including antibiotic-resistant strains), fungi, 
viruses, protozoa and yeasts... promptly achieves full microbicidal effect with 
each usage. (In the rare instance of local irritation | Or sensitivity, discontinue use 
in the individual.) 


To enhance antisepsis —BETADINE Solution or BETADINE Aerosol Spray. After 
initial prepping with BETADINE Surgical Scrub, paint the operative area with 
BETADINE Solution (chosen by NASA for the Skylab mission), or spray with 
BETADINE Aerosol Spray...both are fully microbicidal and film-forming... 
maintain microbicidal activity in the presence of blood, pus and serum...treated 
area may be bandaged, taped or covered by a cast. 


To help maintain postoperative antisepsis— Reapply BETADINE Solution or 
BETADINE Aerosol Spray after suturing and during redressing. BETADINE 
POT ORNS are SAFRUBy MORITA NS and do not stain skin and natural fabrics. 


PHOTO APH: SKYLAB IN ORBIT Y OF THE NAT NAL AERONAUTICS AND SPACE ADMINISTRATION. 


Purdue Frederick 


©COPYRIGHT 1974, THE PURDUE FREDERICK COMPANY/NORWALK, CONN 06856 





situation: constipation: laxation: 


Post-operative...recent surgery... Constipating analgesics and sedatives... Gentle and predictable with 

still confined to bed... immobilization... reduced food and fluid colon-specific SENOKOT Tablets/ 

or restricted ambulation... intake...constipation common. .. fecal Granules. Virtually free from side 
impaction a threat to be avoided... effects in appropriate dosage. 


Supplied: SENOKOT Tablets 
(small, easy-to-swallow)—Bottles 
of 50 and 100. SENOKOT 
Granules (delicious, cocoa- 
flavored)—4, 8 and 16 ounce 

(1 lb.) canisters. 


enokot 


(standardized senna concentrate) 


.—- Tablets/Granules 









f 2 J Y. 
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f ^anatural laxative 





Purdue Frederick 
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LIFE-\SUPPORT 


ANTI-EMBOLISM STOCKINGS... 





routinely applied to medical, surgical 





and obstetric patients significantly 





reduce the expectancy of fatal 


pulmonary embolism. 


It is generally recognized that the most 
common sites for the origination of pulmo- 
nary emboli are the veins of the legs. It is 
also widely noted that a patient's sudden 
confinement to bed and relative inactivity 
favors thrombos formation in the deep veins 
of the calf and thigh. This is due to the 
significantly decreased velocity of venous 
blood flow resulting from physical inactivity 
of the limbs. 

Carolon Life-Support Stockings decrease 
the potentiai of venous thrombosis and 
pulmonary embolism by helping to maintain 
normal venous blood flow through external 
, compression of the leg veins of post opera- 
à tive surgical patients. 

i 


| These features make Carolon Life-Sup- 
4 port Stockings safer, more comfortable, 
] easier to fit: 

3 © Inspection toe.. . provides a warm 
bo» covering yet allows checking by the 
physician for color or swelling. Does 
not create pressure points caused by 
rolling, as may occur in open-toed 
stockings 











è Specially designed top . . . on the thigh- 
length stockings prevents rolling and sag- 
ging. Does not bind or cause undesirable 
compression in the upper leg area. 

e Controlled-contour knitted . . . of nylon 
and spandex elastomers. Special con- 
Struction at the knee avoids excessive 
pressure on the vital popliteal area yet 
assures proper compression and contour 
retention above the knee. 

e Eightsizes . . . in both below-knee and 
thigh-length models, each contour-knit- 
ted to anatomical standards for correct 
pressure graduation as well as patient 
comfort. 


Carolon Life-Support Stockings offer high 
quality products, significant cost advan- 
tages and on-the-spot service through local 
surgical supply dealers. 
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Product literature is available. Please write 


ANNALS OF SURGERY is a monthly journal which 
considers for publication original articles in the 
field of surgery. It is the oldest continuously pub- 
lished journal in the English language solely 
devoted to the surgical sciences. The Editorial 
Board considers only papers judged to offer sig- 
nificant contributions to the advancement of 
surgical knowledge. 


CONTRIBUTIONS. Four typed copies of the 
manuscript and four copies of the illustrations 
should be sent prepaid to the Chairman of the 
Editorial Board of ANNALS OF SURGERY: 


David C. Sabiston, Jr., M.D. 
Annals of Surgery 
Department of Surgery 
Duke University Medical Center 
Durham, North Carolina 27710 


Manuscripts and references should be typed 
double spaced on one side of 8* x 1l paper 
leaving wide margins. Authors should retain a 
complete copy of the manuscript including illus- 
trations in the event that the manuscripts are lost 
in the mail. A complete address for reprint re- 
quests should be included on the title page to- 

ether with the name of the institution from 
which the work is being published. 

An abstract of not more than 200 words should 
be placed at the beginning of the manuscript. It 
should accurately reflect the paper and provide 
readers with a reliable impression of the contents 
and conclusions of the work. 

Digits one to ten should be spelled out, ex- 
cept when used for units of measurement (time, 
weight, volume, dosage, degrees) percentage, or 
when decimals are involved; for numbers above 
ten, numerals should be used. Dorland's Medical 
Dictionary and Webster's International Diction- 
ary may be used as standard references. Scientific 
names for drugs should be used when possible. 
Copyright or trade names of drugs should be cap- 
italized. Units of measurement should be ex- 
pressed in the metric system. Temperature should 
be expressed in degrees centigrade. All contribu- 
tions should be submitted in English. 

Black and white illustrations will be repro- 
duced free of charge, but the publisher reserves 
the right to establish a reasonable limit upon 
the number supplied. Color illustrations will be 
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published at the authors expense. Black and 
white photographs should be in the form of glossy 
prints. Line and wash drawings should be black 
on white paper, with lettering in black india ink 
or transfer lettering, large enough to be readable 
after necessary reduction. Large or bulky illustra- 
tions should be accompanied by smaller glossy 
reproductions of the same. Illustrations should be 
numbered, the tops indicated, and the author's 
name and the title of the article in brief appear 
on the back. A separate typewritten sheet of 
legends for the illustrations should be supplied. 
An alphabetical list of numbered references 
should appear at the end of the manuscript with 
corresponding numbers in the text. All references 
should be specifically mentioned in the body of 
the manuscript. The list of references should be 
selective with not more than 20 references except 
under unusual circumstances. References should 
conform to the style of the Index Medicus. 


McNamara, J. J, Molot, M. D. and Stremple, J.: Changes in 
Some Physical Properties of Stored Blood. Ann. Surg. 174:58, 
1971. 
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mailing in the U. S. or within 90 days in all other 
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Business Appress: Subscriptions, reprints, ad- 
vertising, and all business communications should 
be addressed to: 
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J. B. Lippincott Co. 
East Washington Square 
Philadelphia, Pa. 19105 


Published Monthly. Subscription Rates $22.00 
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pHisoHex® 


sudsing antibacterial soapless skin cleanser 
pHisoHex contains a colloidal dispersion of hexa- 
chlorophene 396 in a stable emulsion consisting of 
entsufon (sodium octylphenoxyethoxyethyl ether sul- 
fonate) 5096, petrolatum 796, lanolin cholesterols 
0.7%, methylcellulose, polyethylene glycol, poly- 
ethylene glycol monostearate, lauryl myristyl dietha- 
nolamide, sodium benzoate, and water. PH (5.0 to 
6.0) is adjusted with hydrochloric acid. All ingre- 
dients w/w. 

Actions: pHisoHex has bacteriostatic action against 
Staphylococci and other gram-positive bacteria. Cu- 
mulative antibacterial action develops with repeated 
use. 

Indications: pHisoHex is indicated for use as a sur- 
gical scrub and a bacteriostatic skin cleanser. It may 
also be used for washing to control an outbreak of 
gram-positive infection in the nursery when good 
hospital practice has been inadequate as a total pro- 
gram of infection control. It should be used only as 
long as necessary for infection control. (See Warnings.) 
Contraindications: pHisoHex should not be used on 
burned or denuded skin. It should not be used as an 
occlusive dressing, wet pack, or lotion. It should not 
be used routinely for prophylactic total body bathing. 
It should not be used as a vaginal pack or tampon, 
or on any mucous membranes. pHisoHex should not 
be used on persons with sensitivity to any of its com- 
ponents. It should not be used on persons who have 
demonstrated primary light sensitivity to halogen- 
ated phenol derivatives because of the possibility of 
cross-sensitivity to hexachlorophene. 

Warnings: RINSE THOROUGHLY AFTER USE, espe- 
cially from sensitive areas such as the scrotum and 
perineum, 
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Infants, especially premature infants or those with 
dermatoses, are particularly susceptible to hexa- 
chlorophene absorption. Systemic toxicity may be 
manifested by signs of stimulation (irritation) of the 
central nervous system, sometimes with convulsions. 
Vacuolization has been reported, with a symmetrical, 
rostrocaudal distribution in the brainstem reticular 
formation of premature infants of low birth weight, 
especially those with skin rashes and wounds, who 
were washed with 3% hexachlorophene. However, the 
clinical correlates of such vacuolization have not been 
established since these infants also had critical 
clinical conditions or pathologic findings of inde- 
pendent etiology. 

When preparations containing hexachlorophene are 
left in contact with burned or denuded skin or mu- 
cous membranes, sufficient hexachlorophene may be 
absorbed to cause toxic symptoms. 

PHISOHEX SHOULD BE DISCONTINUED 
PROMPTLY IF SIGNS OR SYMPTOMS OF CERE- 
BRAL IRRITABILITY OCCUR. Experimental and 
clinical evidence indicates that hexachlorophene tox- 
icity is reversible. 

In a small number of reported cases, fatal intoxica- 
tions from hexachlorophene have occurred. These 
cases include misuse of 3% hexachlorophene on 
burned skin, or exposure to a powder accidentally 
containing approximately 6.5% hexachlorophene. 
Examinations of brain tissue in some of these cases 
revealed vacuolization like that which can be pro- 
duced in newborn experimental animals following re- 
peated topical application of 396 hexachlorophene. 
pHisoHex is intended for external use only. If swal- 
lowed, pHisoHex is harmful, especially to infants 
and children. pHisoHex should not be poured into 
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contains a colloidal dispersion of hexachlorophene 3% ina stable emulsion consisting 

of entsufon (sodium octylphenoxyethoxyethyl ether sulfonate) 50%, petrolatum 7%. 
lanolin cholesterols 0.7%, methylcellulose, 

monostearate, lauryl myristyl diethanolami 





polyethylene glycol, polyethylene glycol 
de, sodium benzoate, and water. 
PH (5.0 to 6.0) is adjusted with hydrochloric acid. All ingredients w/w. 


Why pHisoHex ? 


pHisoHex contains 3% hexa- 
chlorophene with cumulative 
antibacterial action on the 
hands, unique among anti- 
bacterial agents. 


Why is this important? 


pHisoHex continues to protect 
during the interim between 
scrubs if used regularly as 
directed. 


Is there an alternative? 


While more frequent washing 
with other agents is an alter- 
native, it is not a practical one 
for prolonged surgery. 


But there’s no need for an 


alternative! 

Nonalkaline, hypoallergenic 
pHisoHex is clearly indicated 
for staphylococci and other 
gram-positive bacteria as a 
bacteriostatic hand cleanser 
and surgical scrub. Rinse 
thoroughly after use. 


measuring cups, medicine bottles, or similar con- 
tainers since it may be mistaken for baby formula or 
other medications. 

Precautions: pHisoHex suds that get into the eyes 
accidentally during washing should be rinsed out 
promptly and thoroughly. 

Adverse Reactions: Dermatitis and photosensitivity. 
Sensitivity to hexachlorophene is rare; however, per- 
sons who have developed photoallergy to similar 
compounds also may become sensitive to hexachloro- 
phene. 

In persons with highly sensitive skin. the use of 
pHisoHex may at times produce a reaction charac- 
terized by redness and/or mild scaling or dryness, 
especially when it is combined with such mechanical 
factors as excessive rubbing or exposure to heat or 
cold. 

Treatment of Accidental Ingestion: The accidental! 
ingestion of pHisoHex in amounts from 1 to 4 oz. has 
caused anorexia, vomiting, abdominal cramps, diar- 
rhea, dehydration, convulsions, hypotension and 
shock, and in several reported instances, fatalities. 
The stomach should be evacuated by emesis or lav- 
age followed by 2 oz. of olive oil or vegetable oil and 
then by a saline cathartic with symptomatic and sup- 
portive treatment as indicated. See package insert 
or PDR for details. 

How Supplied: pHisoHex is available in unbreakable 
plastic squeeze bottles of 5 ounces. 1 pint, plastic 
bottles of 1 gallon, and % oz. (8 ml.) unit packets, 
boxes of 50. pHisoHex should not be dispensed from, 
or stored in, containers with ordinary metal parts. 
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WATERPOW ER 


A natural solution for your constipated patient 


METAMUCIL® helps restore regular 
colonic function. While attracting and 
holding water this pure vegetable sub- 
stance combines with and softens fecal 
components, adding smooth, pliant bulk 
and gently lubricating the mucosa of the 
bowel. Result: Peristalsis is gradually 
stimulated and smoothly maintained. 
Patients with duodenal ulcers or 
diverticulitis can bene- 
fit greatly, because the 
bowel is saved further 
irritation from constipa- 
tion. For the hemorrhoi- 
dal patient the gentle 
action of METAMUCIL 





can be relied on to lessen straining that 
might aggravate his condition. 

The colostomy patient as well 
is helped by the bulk-producing action of 
METAMUCIL. It slows the passage of the 
intestinal contents, thereby aiding the 
absorption of nutrients by the shortened 
bowel. Because of this, it's a valuable 
adjunct to your complete GI regimen. 
METAMUCIL ...To 
reduce the strain on your 
patient and you. 


Gentle in its action... 
Effective in its results 


SEARLE | Searle Laboratories 


Division of G. D. Searle & Co., Chicago 
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a NEWeffective 
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for use in anest 


Chemically unique _ ES Effective — 
Emete-con (benzquinamide HCI) Efficacy comparable to a 
is chemically unrelated to the . standard phenothiazine, 
phenothiazines and to other anti- demonstrated in well-controlle 
emetics. It is à non-amine-depleting |. clinical studies? : 
benzoquinolizine derivative. 





1on-phenothiazine 
antiemetic 
Sia and surgery 


Well tolerated significant reactions have 
Drowsiness appears to be the been reported; please refer to 
most common reaction, Other more the package insert. 


Enietecon 
(benzquinamide HCl)", 


Usual adult dose: IM-50 mg., IV-25 mg. 


For prescribing information, including adverse reactions and 


* Please see next page for a bibliography of clinical studies. contraindications, please see following page. 
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benzquinamide HCI)™1v 





PRESCRIBING INFORMATION 


Emete-con™ (Benzquinamide-Hydrochloride) 
For Intramuscular and Intravenous Use 
Description. Benzquinamide is a non-amine-de- 
pleting benzoquinolizine derivative, chemically 
unrelated to the phenothiazines and to other 
antiemetics. 

Chemically, Emete-con (benzquinamide-hydro- 
chloride) is N, N-diethyl-1,3,4,6,7,11b-hexahydro- 
2-hydroxy-9, 10-dimethoxy-2H-benzo(a) quinoli- 
zine-3-carboxamide acetate hydrochloride. The 
empirical formula is Cz2H32N205. HCl and the 
molecular weight is 441. 

Emete-con for injection contains: Benzquina- 
mide HCl equivalent to benzquinamide 50 mg/ 
vial an@citric acid 1%. When reconstituted with 
2.2 ml of sterile water for injection, each vial 
yields 2 ml of a solution containing benzquina- 
mide, 25 mg/ml. When reconstituted, this prod- 
uct maintains its potency for 14 days at room 
temperature. DO NOT REFRIGERATE. 


Actions. Benzquinamide HCl exhibited anti- 
emetic, antihistaminic, mild anticholinergic and 
sedative action in animals. Studies conducted in 
dogs and human volunteers have demonstrated 
suppression of apomorphine-induced vomiting; 
however, relevance to clinical efficacy has not 
been established. The mechanism of action in 
humans is unknown. The onset of antiemetic ac- 
tivity in humans usually occurs within 15 minutes. 

Benzquinamide metabolism has been studied 
in animals and in man. In both species, 5-10% 
of an administered dose is excreted unchanged 
in the urine. The remaining drug undergoes 
metabolic transformation in the liver by at least 
three pathways to a spectrum of metabolites 
which are excreted in the urine and in the bile, 
from which the more polar metabolites are not 
reabsorbed but are excreted in the feces. The 
half-life in plasma of Emete-con is about 40 min- 
utes. More than 9596 of an administered dose 
was excreted within 72 hours in animal studies 
using C14-labeled benzquinamide. In blood, 
benzquinamide is about 58% bound to plasma 
protein. 


Indications. Emete-con is indicated for the pre- 
vention and treatment of nausea and vomiting 
associated with anesthesia and surgery. 

Since the incidence of postoperative and post- 
anesthetic vomiting has decreased with the 
adoption of modern techniques and agents, the 
prophylactic use of Emete-con should be re- 
stricted to those patients in whom emesis would 
endanger the results of surgery or result in 
harm to the patient. 

Contraindications. Emete-con is contraindicated 
in individuals who have demonstrated hyper- 
sensitivity to the drug. 


Warnings. Use in Pregnancy: No teratogenic ef- 
fects of benzquinamide were demonstrated in 
reproduction studies in chick embryos, mice, 
rats and rabbits. The relevance of these data to 
the human is not known. However, safe use of 
this drug in pregnancy has not been established 
and its use in pregnancy is not recommended. 


Use in Children: As the data available at pres- 
ent are insufficient to establish proper dosage 
in children, the use of Emete-con in children is 
not recommended. 

Intravenous use: Sudden increase in blood 
pressure and transient arrhythmias (premature 
ventricular and auricular contractions) have 
been reported following intravenous administra- 
tion of benzquinamide. Until a more predictable 
pattern of the effect of intravenous benzquina- 
mide has been established, the intramuscular 
route of administration is considered preferable. 
The intravenous route of administration should 
be restricted to patients without cardiovascular 
disease and receiving no pre-anesthetic and/or 
concomitant cardiovascular drugs. 


Precautions. Benzquinamide, like other anti- 
emetics, may mask signs of overdosage of toxic 
drugs or may obscure diagnosis of such condi- 
tions as intestinal obstruction and brain tumor. 


Adverse Reactions. The following adverse reac- 
tions have been reported in subjects who have 
received benzquinamide. Because of the multi- 
plicity of medications commonly used in the 
practice of anesthesia, unequivocal relationship 
to a specific drug administered usually cannot 
be established. However, drowsiness appears to 
be the most common reaction. One case of pro- 
nounced allergic reaction has been encountered, 
characterized by pyrexia and urticaria. 


System Affected—Autonomic Nervous System: 
Dry mouth, shivering, sweating, hiccoughs, 
flushing, salivation, blurred vision. 

Cardiovascular System: Hypertension, hypo- 
tension, dizziness, atrial fibrillation, premature 
auricular and ventricular contractions. 

Central Nervous System: Drowsiness, insom- 
nia, restlessness, headache, excitement, nervous- 
ness. 

Gastrointestinal System: Anorexia, nausea. 

Musculoskeletal System: Twitching, shaking/ 
tremors, weakness. 

Skin: Hives/rash. 

Other Systems: Fatigue, chills, increased tem- 
perature. 


Dosage and Administration. Intramuscular: 50 
mg (0.5 mg/kg—1.0 mg/kg) 

First dose may be repeated in one hour with 
subsequent doses every 3-4 hours, as necessary. 
The precautions applicable to all intramuscular 
injections should be observed. Emete-con should 
be injected well within the mass of a larger 
muscle. The deltoid area should be used only if 
well developed. Injections should not be made 
into the lower and mid-thirds of the upper arm. 
Aspiration of the syringe should be carried out 
to avoid inadvertent intravascular injection. 

Therapeutic blood levels and demonstrable 
antiemetic activity appear within fifteen min- 
utes of intramuscular administration. When the 
objective of therapy is the prevention of nausea 
and vomiting, intramuscular administration is 





recommended at least fifteen minutes prior to 
emergence from anesthesia. 

Intravenous: 25 mg (0.2 mg/kg—0.4 mg/kg as 
a single dose) administered slowly (1 ml per 
0.5 to 1 minute). Subsequent doses should be 
given intramuscularly. 

The intravenous route of administration 
should be restricted to patients without car- 
diovascular disease (See WARNINGS). If it is 
necessary to use Emete-con intravenously in 
elderly or debilitated patients, benzquinamide 
should be administered cautiously and the lower 
dose range is recommended. 

This preparation must be initially reconsti- 
tuted with 2.2 ml of sterile water. This procedure 
yields 2 ml of a solution equivalent to 25 mg 
benzquinamide/ml, which maintains its potency 
for 14 days at room temperature. 

DO NOT REFRIGERATE. 


Overdosage. Manifestations: On the basis of 
acute animal toxicology studies, gross Emete- 
con overdosage in humans might be expected 
to manifest itself as a combination of Central 
Nervous System stimulant and depressant 
effects. This speculation is derived from experi- 
mental studies in which intravenous doses of 
benzquinamide, at least 150 times the human 
therapeutic dose, were administered to dogs. 
Treatment: There is no specific antidote for 
Emete-con overdosage. General supportive mea- 
sures should be instituted, as indicated. Atro- 
pine may be helpful. Although there has been 
no direct experience with dialysis, it is not 
likely to be of value, since benzquinamide is 
extensively bound to plasma protein. 


How Supplied. Emete-con for IM/IV use is 
available in a vial containing benzquinamide 
HCl equivalent to 50 mg of benzquinamide in 
packages of 10 vials. 

Caution. Federal law prohibits dispensing with- 
out prescription. 
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Each vial contains benzquinamide hydrochloride equivalent to 
50 mg. of benzquinamide with 0.45 mg. of citric acid. 


Davol changed suction instruments 


just enough to make a big difference 


There's only one difference 
between Davol instruments and 
metal ones. 

Davol makes them disposable. 

So now your staff saves time 
because there's no recleaning. 

And most important, there's no 
risk of contamination. 

Everything else is the same. You 
get the look, feel and action you're 
used to in a metal Yankauer, Poole, 
Frazier and sigmoidoscopic 
instrument. 


BUILDING ON A CENTURY OF QUALITY 


Price? Davol suction instruments 
are priced to make disposability 
practical. 

Davolintroduced disposable 
suction intruments. Since then over 
two thousand hospitals have 
already converted. 

Apparently, we made a big 
difference. 

Davol Inc., Providence, Rhode 
Island 02901 A Subsidiary of 
International Paper Company. 
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Axillary-Contralateral Brachial Artery 


A right axillary to left brachial arterial bypass (saphenous 
vein) was used in the treatment of a left subclavian artery 
obstruction secondary to radical mastectomy and irradiation 
28 years previously. The axillary bypass was chosen over 
other surgical approaches because of its simplicity and ef- 
ficacy. 


ECENTLY WE REPORTED THE FIRST USE of an axillary to 
R axillary artery bypass for treatment of the sub- 
clavian steal syndrome.” The purpose of this presentation 
is to describe a modification of the procedure effective 
in the treatment of an ischemic arm. 


Case Report 


This 65-year-old woman had a left radical mastectomy with 
postoperative irradiation for carcinoma of the breast 28 years ago. 
Fourteen years later a generalized lymphedema of the left arm 
developed. Two years ago she noted the insidious onset of cold- 
ness and paresthesias of the left hand. These gradually worsened 
and for the past six months she had suffered from constant, un- 
remitting rest pain of severe degree. Because of the marked 
ischemia of the arm, several physicians advised amputation as the 
only solution for her pain. 

On physical examination, there was moderate non-pitting edema 
of the entire left arm and hand. The left breast was absent and 
the chest wall and axilla showed the changes associated with 
radical mastectomy. No skin graft had been used. The skin over- 
lying the upper left chest was telangiectatic as a result of the 
radiation therapy. Some scar induration was present but, overall, 
the surrounding skin and subcutaneous tissue were normally 
pliable. The blood pressure in the right arm was 140/70 and was 
unobtainable in the left arm. With an ultrasonic flowmeter, flow 
could be detected in the left brachial artery, beginning at the 
level of the mid upper arm and extending to the hand. Sensation 
and neurological function were intact. 
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A supravalvular aortogram (Fig. 1) showed a complete block 
of the left subclavian artery just beyond the origin of the vertebral 
artery. There was no visualization of the left axillary or brachial 
arteries. In order to delineate the distal extent of the earterial 
obstruction, the catheter was withdrawn into the descending 
aorta, to the level of the fifth dorsal vertebral. Injection of con- 
trast material at this point resulted in good opacification of the 
intercostal arteries and the lateral thoracic artery, and through 
these collaterals, the brachial artery was adequately visualizede 
(Fig. 2). 

On July 6, 1972, a saphenous vein bypass graft was placed 
between the right axillary artery and the left brachial artery. The 
tunneling was done within the subcutaneous tissues with the aid 
of several small counter incisions. No difficulty was encountered in 
the area of previous irradiation. Immediately following surgery, 
the blood pressure became equal in both arms with return of the 
radial and ulnar pulses on the left. The postoperative course was 
uneventful and the rest pain disappeared completely. 

In the nine months following surgery, the graft has functioned 
well (Fig. 3) and the left arm has been asymptomatic except for 
one episode of lymphangiitis that was no different than the others 
that have occurred occasionally since the onset of the lymphedoma. 
The severity of the lymphedema was neither worsened or im- 
proved by the surgery. 


Discussion 


Because of the abundant collateral circulation around 
the shoulder, obstruction of the subclavian artery rarely 
results in sufficient ischemia of the arm to require sur- 
gical treatment. This has been demonstrated thousands 
of times in patients who have undergone a Blalock- 
Taussig operation (subclavian artery to pulmonary ar- 
tery shunt). When, as in the present case, revasculariza- 
tion is indicated, several surgical approaches are possible. 

Direct endarterectomy or replacement of the ob- 


827 


828 
structed segment of the subclavian artery, or left carotid- 
to-brachial artery bypass, were not elected because of 
the desire to avoid vessels that had possibly been dam- 
aged by the radiation therapy. Even though the left 
axillary artery was patent, the mid brachial artery was 
chosen to receive the bypass because it was beyond the 
fields of surgery and irradiation. Three vessels were 
considered for the origin of the bypass: the right sub- 
clavian artery,’ the right axillary artery,” or the left 
femoral artery.^* The axillary artery was favored ever 
the subclavian as it can be approached subcutaneously 
while the subclavian requires a more complicated dis- 
section of the scalenus anticus muscle and traction on 
the phrenic nerve. The axillary artery was chosen instead 
of the left femoral because of the lesser length of the 
bypass. The saphenous vein was used because its How 
characteristics and tolerance to the constant bending 
with arm movements are better than a dacron prosthesis, 
which has been known to kink. 

Although the axillary vein appeared to be obstructed, 
at least by ultrasonic flowmeter analysis, a venous bypass 
was not performed. There was some apprehension of the 
effects of post-revascularization edema in an arm that 
was already lymphedematous. No problem of this sort 
was encountered. 





Fic. 1. Ascending aortogram, right posterior oblique projection. 
Except for some irregularity of the aortic wall due to athero- 
sclerosis, the aorta, innominate, and left carotid arteries are nor- 
mally patent. The proximal portion of the left subclavian artery 
(S) appears normal. However, just distal to the origin of the 
vertebral artery (V), the vessel is completely occluded (Arrow). 
The left brachial artery beyond the point of obstruction cannot 
be identified. Radiation changes can be seen in the left shoulder 
girdle and ribs. 
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Fic. 2. Descending aortogram, right posterior oblique projection. 
With the catheter tip (C) at the level of the fifth dorsal vertebra, 
a second injection of contrast material was made. On late films, 
the brachial artery (B) is well opacified by collateral flow through 
the intercostal and lateral thoracic arteries. 





Fic. 3. Retrograde right brachial arteriogram. The right axillary 
(A) and subclavian (S) arteries are opacified as well as the graft 
(arrowheads) which arises from the axillary artery just beyond 
the margin of the film. The anastomosis (Arrow) between the 
graft and the left brachial artery is in the mid upper arm. Flow 
in the brachial artery extends in an antegrade direction to the 
lower arm and hand, and retrograde to the distal point ef 
occlusion of the vessel. 


os 
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Comparative Effects of Left Atrial or Left Ventricular 
Bypass on Coronary Sinus Flow and Oxygen Usage in Dogs 


Comparative coronary sinus flow rates and oxygen AV dif. 
ference were studied in dogs undergoing left heart bypass 
with left atrial or left ventricular drainage at similar maxi- 
inum obtainable flow rates. Left atrial bypass decreased the 
coronary sinus flow rates and oxygen consumption when 
compared with control values. These values were further 
decreased when left ventricular bypass was used. The oxygen 
consumption data were highly significant and give further 
evidence of increased effectiveness of complete bypass of 
the left ventricle in myocardial support systems. 


L EBT HEART BYPASS has been used both experimen- 
tally?,7.10.13,14.17,18 and clinically?.55921 as a method 
of myocardial support. Although both the left atrial and 
left ventricular chambers have each been used as sites 

efor decompression of the left side of the heart, the rela- 
tive efféctiveness of these two approaches in reducing 
myocardial oxygen consumption has not been clarified.?? 
The purpose of this study was to determine the compara- 
tive effectiveness of each site of drainage in reducing 
myocardial oxygen consumption during left heart bypass 
at comparable flow rates. 


Method 


Fourteen healthy mongrel dogs weighing 18 to 25 kg 
were used. Materials having contact with the blcod were 
sterile; however, the experiments were conducted under 
clean rather than sterile conditions. Intermittent pento- 
thal sodium was used intravenously for narcosis and 
oxygen was delivered by a positive-pressure ventilator. 
Animals were heparinized with 300 units/kg of aqueous 
heparin sodium (1000 units/ml). 

The right carotid artery was exposed and a #6 cardiac 
catheter inserted retrogradely into the left ventricular 
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chamber. A femoral artery and vein were cannulated to 
monitor arterial blood pressure and central venous pres- 
sure. Electrocardiogram and esophageal temperatures 
were also monitored. The central venous pressure was 
measured directly on a water manometer. Left ventricu- 
lar and systemic arterial blood pressures were monitored 
continuously using P23Db Statham strain gauges, Elec- 
tronics for Medicine multi-channel amplifier, and photo- 
graphic recorder. The cardiac catheter was attached to 
the strain gauge by a 50 cm segment of semi-rigid plastic 
tubing. Left ventricular pressure recordings were taken 
at paper speeds of 25 and 75 mm per second. 

Through a median sternotomy incision the pericardium 


was widely opened. A shunt circuit similar to that em- ` 


ployed by Dennis and co-workers? was used. A 2-0 silk 
ligature loop with loosened choker was placed through 
the tissues encircling the coronary sinus near its termi- 
nation in the right atrium. A small semi-rigid, 3 mm 
diameter flanged plastic tube was used to cannulate the 
coronary sinus through a small separate opening in the 
atrial wall at the atriocaval junction and was internally 
advanced into the coronary sinus. This tube was then 
attached by an adaptor to a 6 mm diameter plastic tube 
which was 62 cm in length and the circuit completed by 
inserting the end into the right atrial chamber through 
an opening in the appendage and controlled by purse- 
string. A T-arm placed in the circuit made possible the 
sampling of coronary sinus blood and measurement of 
pressure in the system. Pressure within the shunt was 
measured by a water manometer attached to the T-arm. 


Samples of blood from the coronary sinus could be taken - 


intermittently into a nearly horizontally slanted, 20 ml, 
calibrated syringe barrel attached to the T-arm and held 
at the right atrial level. 
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The left atrium was cannulated using a 15 cm length 
of 6 mm i.d. plastic tubing with metal basket tip placed 
through a small opening made in the tip of the append- 
age and controlled by an umbilical tape choker. The 
cannula tip was advanced 5 cm into the atrial chamber 
so as to be unoccluded and was fixed in this position by 
tying the cannula against the rubber choker keeper. 
After evacuation of air, the cannula was then attached 
to a 9 mm id. plastic tube of the bypass circuit which 
had been primed with heparinized homologous blood. 
When the circuit was open, blood flowed by gravity into 
a plastic bag reservoir one meter below the level of the 
heart and then through an occlusive roller pump and 
returned to the abdominal aorta through the cannulated 
femoral artery. 

When cannulations were completed, the choker was 
tightened about the coronary sinus cannula to prevent 
blood from entering the right atrium, shunting all coro- 
nary sinus flow through the shunt. The shunt was per- 
mitted to remain open except when the samples were 
being taken. A control sample was taken prior to bypass 
by removing the clamp from the T-arm and placing the 
clamp on the shunt distal to the arm. Coronary sinus 
pressure usually decreased 0.5 cm of water when the 
sample was being taken. Coronary sinus blood drained 
under oil into the syringe barrel for 30 seconds; was 
measured, and a sample removed by a heparinized 
syringe for the determination of blood gases and pH. A 
simultaneous systemic arterial sample was drawn for 
similar determinations. Blood was then transfused to re- 
place the sample loss. Tracings of left ventricular and 
aortic pressures were taken at the time of blood samples 
at 25 and 75 mm per second speeds. Specimens were 
taken in duplicate. 

Then left heart bypass with cannula tip in the left 
atrium was begun and continued at maximum flow rates 
permitted by the venous return (Table 1). After a five- 
minute period of stabilization, specimens were again 
taken for blood gases, and pressures in the left ventricle 
and aorta were recorded. 

The cannula tip was then passed from the left atrium 
into the left ventricle, fixed to the choker, and after five 
minutes of continued bypass similar specimens and re- 
cordings were taken at comparable flow rates. A control 


period was not used between left atrial and left ven- - 


tricular positions because alterations in blood volume, 
heart rate, and blood pressure might have been antici- 
pated during that period which could introduce other 
variables. Conditions were kept as nearly the same as 
possible during both left atrial and left ventricular bv- 
pass. Bypass was then discontinued and samples again 
taken under control conditions in five dogs. In some 
instances it was possible to obtain data at two different 
but comparable flow rates at left atrial and left ven- 
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tricular positions. At the termination of the experiment 
the animal was sacrificed. 

PH and blood gases were determined using an Instru- 
mentation Lab apparatus. Oxygen saturation was deter- 
mined by Severinghaus!? nomograms and oxygen content 
calculated by the following formula: 


Os content (ml) = Hct/3 x O. saturation x 1.34 


Oxygen consumption was determined by multiplying 
the AV oxygen difference by the coronary sinus flow rate 
in ml/minute/100. Time-tension index was determined 
by calculation of the area beneath the left ventricular 
curve tracings at 75 mm/second by dividing the weight 
of cutouts of one-second segments of the tracings by the 
weight of one square centimeter of tracing paper. 

The heart and left ventricle were fractionally weighed 
at the termination. 


Results 


Data are plotted in Figs. 1-3 and Table 1. 

Oxygen tension of coronary sinus venous drainage in- 
creased a mean of 26% over control value when left atrial 
bypass was used, and this increased 39% over control 
value when left ventricular bypass was used (Table 2). 
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Fic. 1. Plot of coronary sinus oxygen tension in control state (C) 
and with left heart bypass cannula draining the left atrium (LA). 
and left ventricle (LV). Each curve is a separate animal and the 
bypass flow rate is the same at LA and LV positions. 
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Fic. 2. Coronary sinus flow rates. 


Opposite changes were noted in coronary sinus flow 
ratios, where flow decreased 13.6% and 28.5% of control 
values using left atrial and left ventricular drainage sites 
respectively (Table 3). Calculated myocardial oxygen 
» consumption dropped a mean of 36% with left atrial 
drainage and 59.82 with left ventricular drainage ( Ta- 
ble 4). In the few instances that oxygen consumption 
eould be calculated at two different bypass flow rates, 
the oxygen consumption dropped as the flow rate in- 
creased. 
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Fic. 3. Myocardial oxygen consumption with cannula at control 
(C), left atrial (LA), and left ventricular (LV) positions. 
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The arterial blood pH. and arterial oxygen saturation 
did not change appreciably during the period of obser- 
vation. Mean arterial blood pressure and pulse rate re- 
mained relatively constant although there was a signifi- 
cant drop in the left ventricular pressure when left 
ventricular drainage was used. With few exceptions, 
when left atrial drainage was used, left ventricular sys- 
tolic pressure attained aortic systolic levels although 
drainage was virtually complete (Fig. 4). 

Variances in mean oxygen consumption between con- 
trol and left atrial sample showed a significant difference 
but not between left atrial and left ventricular samples. 
Differences between pairs, for all existing pairs, how- 
ever, were highly significant (p was « .05) in both 


control to left atrium and left atrium to left ventricle 


samples. 

Variances in mean coronary sinus flow likewise were 
not significant, but differences between pairs, for all 
existing pairs, were highly significant for both control 
to left atrium and left atrium to left ventricle samples 
(p « .05). | 

The time-tension index is plotted against the oxygen 
consumption in Fig. 5. Left ventricular drainage in all 
experiments was associated with marked reduction in 
the time-tension index when compared to left atrial and 
control values. The time-tension index did not correlate 
well with oxygen consumption. 


Discussion 


Circulatory assistance by mechanical methods has be- 
come an accepted experimental and clinical development 
and has been applied in certain types of reversible car- 
diac failure. Although veno-arterial pumping? and total 
cardiopulmonary bypass have been employed, current 
methods have been largely those concerned with partially 
or completely bypassing the left heart, or by aortic 
counterpulsation? or intra-aortic balloon pumping” re- 
duction of aortic systolic pressure and augmentation of 
aortic diastolic pressure. The objectives of these assist 
devices are not precise but are directed to the reduction 
of cardiac work and oxygen consumption or to increase 
coronary blood flow.?? What constitutes an effective level 
of mechanical support has also not been precisely 
defined. 

Partial left atrial bypass was studied extensively by 
Dennis and associates? and by Baird and coworkers,’ 


each of whom has shown a decrease in myocardial oxy- 


gen consumption over control conditions. Although Baird 
showed a 20% reduction in oxygen consumption with a 
50€ reduction in volume flow through the left ventricle, 
other investigators!9197 state that virtually total bypass 
must be achieved before there will be a reduction in 
“pressure” work of the heart since during atrial drainage 


—-" 


833 


s 


LEFT ATRIAL OR LEFT VENTRICULAR BYPASS 


Vol, 179 * No. 6 


611 08'I 68 LS SLT LE'L tF L  OfI H 99 Y' ££ 'S 0 0Z1/0F1 AT 
ET 017 ER SP 00€ IEL SEL QOWI Hu 68 pieg S O/OLT  O£1/04I VI 
SE ] € LL gE OS? Te’ LE'L — » of 91 v'ee * 0/091  O£I/OOI e 8718 
88:1 QT TL 9€ SSP PEL 8£'L + 0091 8 - 8€ C SE 6  -0£z—  OCI/O£I A'I 
Y6' I 90:9 6S 62 SLT 9F°L — 8£4 0091 8 ze T SE L 0/091 001/091 WI 
8v'c PI'S ZS ¥Z Sev SLEE PPL — 8 St OF 9 0/081 001/081 e Z918 
OFT so'e 818 6£ Soe- 1Z'1 StL =: 00@T 6 8T Le $'6 0 : 08/001 AT 
$9°Z Ir ‘TL oe OFZ 07 1 SZL  .00tl Il +9 LE * . 0/071 08/071 VI 
6S Tv 8£'9 LS SC 041 9Z', I£' 4 — 6 TL LE € — 08/0ST 2 £8 
60'Z 6'S vL SE OLE 87 L OE’ OFT L cg S'9E ¢°9 60/0! 04/08 AT 
SZ'Z 6v LL LE OFE ‘OZ L OF L OFF CL .. OF S'9€ ¢°9. -0/0S 04/08 VI 
9'* ZL 99 1£ 01£ och Of. — 8 S9 c'oc 9 0/OIT 08/001 e £6 
-9S7 cy Y ¢° 18 0S ors .0£'1 ToL = OTLI ¢ OF SẸ 9 — 0/0€ 05/09 AT 
Lr 19°] $8 OF cor STL 0£'L 0912 € 8t c£ 9 0/0ZI 08/001 VI 
88'I oF BL Iv SLY SE'L S8€. — € vt Se E: 0/08 0S/08 e 06 
90 I "8v i^ . 8€ ez CSL 8th 0071 [/ c .8'Ss€ v 0 . 08/021 AI 
S'E 8'8 S'PS vC S61 SZL 60'L + 0021 c 0v 8'Se v O/OTl 00T/0Z1 vI 
9£ 1 S'EI IZ €T SIZ ESTL OF'L — Z 0S -= 8g'S€ . * — oov 08/091 12 96 
08" orz -7°€6 SS ose SUL OTL  .0021 9 vC OLE g 0 08/00T AI 
IV I c9 Y'96 TE STE 604 SVA 00ZT 9 Ez :971€ L 0/0ZT 08/001 VI 
"06 c 66 9 Lt Oct 914 EZL — 9 TE 9' LE -9 0/091 ‘08/091 23 ‘PZ18 
-80'°T OL'T 98 ‘GF SL STL  9eUL Qi £ OF Eg L | 0/06 09/0, WI 
971° -OTZ T88 cy CL StL -614 OZL1 £ OF t£ $°9 0/02 . 09/0. AY 
L6: £L € S'S 6€ LL 61 L WoL 00z1 I 97 ye S 0 09/08 AT 
T8 I 99", 19 Of SL OZ L | O7 0071 T pz pE S  0/0S 09/08 VI 
fre 8v, G'19 0€ LL VL LTL — Sv Lt PE S 0/0Zt X OS/OcI 3 ‘18 
"9g" STT 9°18 Iv S81 ~ OŁ Vi 0071 L 91 Y'St L 0/02 03/001 AT 
88'I 69'v 91, ‘OF 0TZ LOL on 0071 L OF Y'St L 0/001 08/001 VI 
se'¢ y9 .€9 ' 97 „OEE SPT L YO L -— L YS 9£ L 0/071 08/071 oO 16 
£t Sg £9 0t 0gt le LE'L  (OvTI # LZ of $ 0 0S/SL AT 
0:£ S'OI FeS ¢°SZ Sge .S0£'1 SOS'L ‘OFFT y .8z 9¢ S .0/08 'SL/S8 VWI 
. S07 y PIT 0'0S vC 09£ 87 L - LE'L — S'e ose 69€ c'9  -0/s0! 08/001 3 98 
OTT 8'9 CTL yE OL? 0£: SZ. | QS? 7, A! Q'S£ S — .0/0€ 08/001 AT 
:98'€ C £I gs 97. STY STL  .97'1 0241 € cc 9¢ G 0/071 08/06 AT 
SLT L'OI SS G 97 OS? TE'A 974 OZLT € SS? 9€ S 0/011 08/001 V'I 
9°¢ -g'or ES S°SZ GLE Ih: LCL — S'E ye T 9E €  O/OZI 08/071 2 Sg 
SS'I S'E cg SY “Sos . O£L ££'1 oroz -G'A cy 9° v£ S 0/SZ O2I/OFI AY 
SZ'£ 69 49 TE OZS 604 TEL OPOZ OL Lv 9H S O/SSt O@I/Shl VI 
T8 T 11'6 Bs 8c LY? STE'L SA1£ 4 — 8 ES C SE S'y- "0/091 -OcI/OU] 3 S0T8 
16° 19 co SL oof OL SIE, OFOT L SI ZF L 0 09/01 AT 
SE'I co's 9'OL TE OZY ZZL 8z OFOT g S07 .8'2€ L  O/lOt! O£/OT1 VI 
cL I Z1°9 v 19 67 TOT IL LOL — 8 ^ 8z ££ L 0/001 `. 09/001 3 EPIS 
IS'T (047 £8 OF SOT 6T'L 9@'L 0912 9 9S OF Sh  O/S7l  -$6/STT WI 
ST USS £8 OF 24 091 9 Ly 9£ S? -.0/0b oot/ozer AT 
SIZ TF SLL SPE -OOZ 61.4 £z OFT S 7s oF € — S/Z 8/011; ANIT 
£6'Z £79 c 989 ' 6C Sh 6l 4 SCL vad! S OF 9€ iS c/021 $6/0ct VI 
STZ 9'v 19 S TZ LL OC L til — 8 SF €'9£ # O/OTT . Og/OiI e FIZ 
(um/pu) (% A) (%) (8H ww) (3H ww) (Curu/pu) (OH wu) Cunu/[u) — (30) (O S | (3p unu) (3H ww) 
, è cd wid 
uondurmnsuo?) 32usJagi(] uonemjeg zod’ zod - Hd Hd MOLY ainssalg MOLY oainzyetadulay JA‘) AMSS sinssaig uonisoqd Jaquinn 
ussAxO uagÁxQ snuiG SNUIS LUV snuG LNY gSH'1 snug snug sngeydosy AT onioy emuuegep qusurodx^r 
A T8UO107) "AW Axyeuolo7) ÁI?UOIO) Arvuo107) Á1euoJ0^) . ÁIe£U0J07) JO 
Á1€UOIO7) 1013800 
spuaunuodx ssod&g mof MDA “| TIL 
V x C. . 














834 
TABLE 2. Oxygen Tension (mmHg) 
Cannula Position 
Control LA LV 
€ = 27.19 X = 34.38 X = 37.54 
s= 6.32 s = 8.58 s= 8.74 
n = 16 n = 16 n = 13 


Variances not significant Variances not significant 


t* = 2.698* t = —0.981 
% change +26 % change +39 

By Pairs 

C — LA LA — LV 

d = —7.19 d = —5.20 

s = 7.54 s = 4.83 

n= 16. n = 13 

t* = —318* t® e 

p «.01 p«.01 


the left ventricle continues to generate pressure by iso- 
metric contraction against the closed aortic valve: 

The current study was undertaken to evaluate oxygen 
utilization during near total bypass draining the left 
atrium or left ventricle. Results showed that virtually 
complete left atrial bypass reduces myocardial oxygen 
consumption but that complete left ventricular bypass 
at the same flow rate further reduces the myocardial 
oxygen, consumption by reduction in "pressure" work. 

While the data derived from these experiments did 
rot permit differentiation of the major determinants of 
myocardial oxygen consumption, #11 they suggest that 
left atrial drainage results in reduction of oxygen used 
in “external” work and that left ventricular drainage, in 
addition, resulted in decreased tension development 
through reduction in left ventricular radius and pressure 
and reduced velocity of contraction. The study confirms 
the relatively greater importance of “pressure” work as 


TABLE 3. Coronary Sinus Flow (ml/minute) 


Cannula Position 


Control l LA LV 
X = 47.04 X = 40.06 X = 33.64 
s = 14.13 s = 16.47 s = 14.12 
n = 16 n — 16 n — 14 


Variances not significant 


= 1.287 
95 change —13.6% 


Variances not significant 


z 1.137 . 
% change —28.5% 


Differences between pairs, for all existing pairs: 


C= LA LA — LV 
d = 6.98 d = 5.18 
S = 12.20 s = 8.00 
n = 16 n= 14 

t* = 2.289* 9 =2 42* 
p«.05 p«.05 
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TABLE 4. Oxygen Consumption (ml/minute) 


. Cannula Positions 


Control LA LV 
Mean X X = 3.43 X 23.20 € = 1.52 
Standard Deviation s s = 1.47 s = 0.86 s = 0.66 
n = 16 n = 16 n = 13 
Variances of Variances not 
significant difference significant 
t = 2.888* t = 2.3264- 


% change -36% 95 change — 59.892 


Looking at differences between pairs, for all existing pairs: 


B C — LA |... LA — LV 
d = 1.284 d = 0.825 
s = 1:163 s = 0.471 
n= 16 n= 13 

t* = 2.13* t* = 2.18* 
p< .05 p< .05 


opposed to “volume” work in myocardial oxygen con- 
sumption as pointed out by Braunwald‘ in his exhaustive 
summary of this subject. 

The tension-time index of Sarnoff and associates! 
did not correlate well with oxygen consumption in these 
experiments unless the left ventricle was decompressed, 
a finding noted. by Dennis and others? This study con- 
firmed the results of Salisbury and associates! that there 
was little correlation between myocardial oxygen con- 
sumption and the volume of blood pumped by the left 
ventricle. 

The results of this study indicate that left heart assist 
devices which permit direct drainage of the left ven- 
tricular chamber of total circulation reduce myocardial 
oxygen consumption more effectively than those draining 
the left atrium at similar flow rates. 
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Comparison of Surgical Managements 


The high incidence of pulmonary embolism is well docu- 
mented. At first suspicion of an embolism attack, adequate 
anticoagulant therapy was administered to 86% of the 
patients in this study. With failure of anticoagulants pre- 
operatively, 30 patients received partial interruption of the 
IVC, 26 patients had their IVC ligated. Postoperatively, 
anticoagulants were administered to 64% of the patients 
who subsequently suffered recurrent attacks of embolism or 
new episodes of acute thrombophlebitis. These patients also 
had a substantial hazard of hemorrhage since 48% of the 
patients, on heparin required transfusion. Postoperative mor- 
tality for the ligation group was associated with underlying 
conditions of the patients. These patients subjected to IVC 
plication had more deaths due to recurrence of pulmonary 
emboli and were demonstrated to have a substantially higher 
recurrence rate of pulmonary embolus. Reasons. for this 
recurrence in both groups are discussed. Severe leg sequlae 
problems often associated with ligation were not encountered 
but were present in several patients subjected to plication. 


P ULMONARY EMBOLISM has been described by Daicoff 
et alJ? as the “most common pulmonary disorder 
found at autopsy in large general hospitals." Hume et al. ^ 
calculate that in the United States in 1966 there were 
approximately 106,000 cases of pulmonary embolism. 
They further estimate the number of cases of phlebitis 
and thrombophlebitis to be about 182,000. Coon and 
Willis? estimate 47,000 deaths in the United States 
yearly with the sole cause being pulmonary embolism. 
Ochsner, DeBakey and DeCamp?’ found the incidence 
of pulmonary embolism increased two-and-one-half 
times over the ten-year period from 1938 to 1948. Hume 
et al.14 further quote the Registrar-General's?? report for 
England and Wales showing there to be 561 deaths due 
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to pulmonary embolism in 1941 and a constant increase 
to nearly 5,000 in 1967. In addition, reports such as those 
of Soloff and Rodman?!? indicate approximately one- 
half of the patients with evidence of pulmonary embo- 
lism upon autopsy are not diagnosed antemortum. Be- 
cause of evidence revealing the astounding increase of 


pulmonary embolism, (which may be due to better: 


diagnostic tools) a need to find an effective method for 
the prevention of recurrent pulmonary emboli has been 
a foremost problem facing clinicians. 

In an attempt to combat the problem of pulmonary 
embolism, ligation of the various veins involved has 
been proposed. Ligation of the IVC for thrombi found 
in the common iliac and femoral veins was popularized 
by Collins? in 1943 and Homans!? in 1944: Ochsner and 
DeBakey?* in 1943 finished their paper by saying, “Al- 
though ligation of the vena cava may seem a very radical 
procedure and far too extensive to be justified, our re- 
sults demonstrate that not only is the operation lifesaving 
but also that it is attended .with little risk and few if 
any sequelae." 

For the next two decades ligation of the IVC was 
pursued as the standard surgical treatment for recurrent 
pulmonary emboli until Bowers and Leb5 and others’? 
gave reports of disabling sequelae in a substantial num- 
ber of patients. Soon after these reports, Moretz and his 
associates?? introduced their lumen-narrowing clamp; 
Spencer,? his suture plication; and Miles and.his asso- 
ciates,'® their serrated clip. Because of these develop- 
ments there are now two distinct schools concerning 
surgical management of pulmonary emboli. This paper 
deals with the comparison of these two surgical proce- 
dures. 
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Methods 


Fifty-six patients underwent caval interruptions from 
1967 through 1972 at Presbyterian-University Hospital. 
Of these patients, 30 were plicated and 26 were ligated. 
Indications for surgery (Table 1) included: 1) Multiple 
recurrent episodes of pulmonary embolization with pa- 
tients adequately anticoagulated; 2) single massive pul- 
monary emboli occurring in patients adequately anti- 
coagulated, resulting in dramatic deterioration in the 
general condition of the patient; 3) evidence of pul- 
monary embolism in patients in whom anticoagulant 
therapy was contraindicated; 4) single massive pulmo- 
nary emboli with patients not anticoagulated, resulting 
in dramatic deterioration in the general condition of the 
patient; and 5) prophylaxis for threat of pulmonary em- 
bolism. 

Preoperatively, patients were diagnosed by the use of 
phlebograms describing characteristics of acute venous 
thrombosis or chronic venous insufficiency. Electrocardi- 
ograms and angiograms were performed on almost every 
patient and radioisotope lung scanning whenever not 
contraindicated by the patient's condition. Clinical evi- 
dence such as swelling, tenderness, positive Homans' 
sign, shortness of breath and chest pain were evident in 
varying degrees and combinations in virtually all of the 
patients in this study. 

All of the operations were performed with patients 
under general anesthesia by the surgical staff of this 
hospital. Two patients undergoing ligation had concur- 
rent pulmonary embolectomies. Of the partial interrup- 
tions, 16 patients were plicated with the Adams-De- 
Weese clip? serrated on one side (Fig. 1). Eleven 
patients were plicated with the clip pioneered by Miles!? 
(Fig. 2) and in two patients the lumens of their IVC 
were narrowed by use of the Moretz clip?? ( Fig. 3). One 
patient was plicated with staples. 

Variables studied were: age, sex, use of anticoagu- 
lants, postoperative mortality, recurrence of emboli and 
morbidity of the two procedures. 


Results 


The majority of patients were between 30 and 59 
years of age at the time of their caval surgery ( Table 2). 


TABLE 1. ZIndicahons for Caval Interruption 
Indication Number Per cent 

1. Recurrent P.E. on Anticoagulants 31 = s 
2. Massive P.E. on Ánticoagulants 19* 34 
3. P.E. Anticoagulant 

Contraindicated 2 3.5 
4. Massive P.E, (No Anticoag.) 2 3.5 
5. Prophylaxis 2 i 


* Two had concomitant thrombectomy 
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Fic. 1. Adams-DeWeese Clip 


The period of most frequent occurrence was overwhelm- 
ingly the age group of 50 to 59 years. There were twice 
as many cases during this decade as in any other. The 
range of ages was 19 to 78, with the mean age of occur- 
rence of 46.8 years. Ages were almost equally divided 
between the two procedures. 

There were 30 males (15 ligated and 15 plicated) 
and 26 females (11 ligated and 15 plicated). 

Fifty-nine per cent of the patients had had prior sur- 
gery within two weeks of their first embolic episode. A 
high percentage were at least moderately obese and 
approximately one-third were suffering from some form 
of cardiac disease. 

Forty-eight of the 56 patients were anticoagulated 
preoperatively (Table 3). Of the other seven, three 
patients were on regular coumadin therapy. Two had 
massive pulmonary emboli as an initial event and were 
not previously on anticoagulants. Two were not admin- 





Fic, 2. Miles Clip 
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Fic. 3. Moretz Clip 


istered anticoagulants because of contraindications to 
the drugs. 

Of the 56 patients, 29 were put on heparin postopera- 
tively (Table 4). No mean time of initiation of heparin 
was established due to variation of those patients re- 
ceiving the drug 48 hours or more postoperatively. All 
patients received intravenous injections every 4 to 6 
hours. Of the 29 patients on heparin postoperatively, 
48% developed hemorrhage severe enough to require 
transfusion. The period of highest incidence of bleeding 
complications requiring transfusions was in the patients 
in whom heparin was begun 24 to 47 hours postopera- 
tively (Table 5). Of the 27 patients not on heparin 
postoperatively, only three or 11% had bleeding compli- 
cations. 

Of the 13 patients who were definitely diagnosed with 
recurrent pulmonary embolism after their [VC was in- 
terrupted, six were on heparin postoperatively and two 
on coumadin. Nine of 13 patients diagnosed with new 
‘thrombophlebitis postoperatively were on anticoagulant 
therapy. Of these nine, one was on coumadin. 

Plication of the IVC was performed on 30 patients. 
There were nine deaths totally (Table 6) with four in 
the postoperative period (within 30 davs of caval sur- 
gery). Three of the four postoperative cases had pulmo- 
nary emboli positively diagnosed and was thought to be 
the cause of death. One patient died of a massive pul- 
monary embolism (one week postoperatively), one was 


TABLE 2. Age of Patient al Time of Caral Surgery* 
Years 10-19 20-29 30-39 40-49 50-59 60-59 70-79 Total 
Ligation 0 4 6 4 7 by 1 26 
Plication 1 3 4 5 11 3 A 29 
T 3 55 


Total 1 7 10 9 18 


* Age of one plication patient was not known. 
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TABLE 3. Preoperative Anticoagulants 


Heparin Dose Patients 
5 to 7,400 Units 23 (4890) 
7,500 to 9,900 Units 15 (31%) 
10,000 Units or More 10 (21%) 
Total , 48 = 86% 


No Anticoagulants —4 
Coumadin —3 


readmitted and died one month postoperatively of re- 
current pulmonary embolism, and the last succumbed 
after pulmonary embolectomy performed one day after 
his plication surgery. 

Of the five patients who died more than 30 days fol- 
lowing the operation, two were readmitted to the hos- 
pital with recurrent pulmonary emboli; one of these was 
admitted twice. In both patients, recurrent embolism 
was the cause of death. One patient died of unknown 
causes, eight months postoperatively and two died of 
causes unrelated to pulmonary emboli. 

Aside from the five deaths due to pulmonary emboli, 
four other patients were positively diagnosed as having 
recurrent but nonfatal pulmonary emboli and were ad- 


. mitted to the hospital for such at least once. Thus, in 9 


of the 30 plications (302), recurrent pulmonary emboli 
occurred and were fatal in five (Table 7). 

Twenty-one patients survived plication and 10 were 
contacted (Table 8). Three had minimal lower extremity 
symptoms. Two of the three were still wearing elastic 
stockings. Three patients had new or persistent, moder- 
ately severe leg sequelae, consisting of moderate swelling 
and pain, varicosities, but no ulcers and little or mod- 
erate incapacitation. In four of the plication follow up 
patients, severe leg sequelae were present, consisting 
usually of severe swelling, pain and pigmentary changes. 
In two patients, leg ulcers were present and in a third 
ulcers were clearing. 

Of the 26 ligation patients there were 6 postoperative 
deaths giving a postoperative mortality of 23% (Table 
6). None of the 6 postoperative deaths was associated 
with a recurrence of pulmonary emboli. Two patients 
died of severe cardiac disease; one of extensive bron- 
chopneumonia; one of an extensive myocardial aneu- 
rysm; and one of septicemia, severe paritonitis, and renal 


TABLE 4. Post-op Anticoagulants 





Transfusion 

Total Heparin Required 

Plication 30 12 (40%) 7 (58%) 
Ligation 26 17 (66%) 7 (4195) 
Total 56 29 (52%) 14 (4895) 


` 
* 
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TABLE 5. Comparison: Beginning of Heparin 


and Incidence of Bleeding 


Hour Heparin Started 





0-23 24-47 48 4- 
Transfusion Required 6 3 à 
No Transfusion Required 6 2 7 
Total 12 7 10 
% Bled 50 71 30 


failure (this patient had had an illegal abortion per- 
formed about one month prior to caval surgery and had 
no evidence of recurrence at death). One patient died 
of unknown causes during the postoperative course. 

Of the 20 patients surviving operation, six died more 
than one month after operation. Two died of recurrent 
pulmonary emboli. One patient died of the effects of 
pulmonary embeli and acute bowel infarction one-and- 
a-half months after his IVC was ligated. The other pa- 
tient died 20 months postoperatively with positive diag- 
nosis of recurrent pulmonary emboli. Of the other four 
late deaths, not related to pulmonary emboli, one died 
during open heart surgery, one of chronic emphysema, 
one of renal failure not associated with recurrent emboli 
and one of unknown causes. 

In addition to the two deaths due to recurrence of 
emboli, there were two other patients who had positive 
diagnoses of nonfatal recurrent pulmonary emboli 
through the usual clinical and laboratory methods. This 
gave an over-all recurrence in the ligation group cf four 
in 26 patients (15%) with two of the four being fatal 
( Table 7). 

On late followup, seven of 14 patients surviving liga- 
tion were studied ( Table 8). Four had mild leg sequelae. 
Two wore stockings and one of these had swelling at 
the end of the day. The other two patients wore no 
elastic stockings and had no swelling, pain, shortness 
of breath and were not incapacitated. Three patients had 
moderate leg sequelae consisting of swelling, pain and 
varicosities but no ulcers or pigmentary skin changes. 
Two of these patients were not wearing elastic stock- 
ings as prescribed by their attending physicians. None 
of the ligation patients on follow up had evidence of 
severe leg sequelae or severe incapacitation. 


Discussion 


. No variation in occurrence was found with regard to 





TABLE 6. Mortality 
Total Post-op 
Pts (30 Days) Late Total 
Ligation 26 6 (23%) 6 12 
Flication 30 4 (13%) 5 9 
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TABLE 7. Recurrent Pulmonary Embolus 
Deatk Due 
Total Pts. Recurrence to Recurrence 
Ligation 26 4 (15%) 2 (1790) 
Plication 30 9 (30%) 5 (56%) 


sex. As stated, occurrence of pulmonary emboli was 
nearly doubled. in the age group 50 to 59 years. How- 
ever, this may be somewhat misleading since most of 
the patients in this category were under 55 years of 
age. In the decades 40 to 59 years, there are 21 cases 
(38%) in the age group 44 to 56 years. Thus a more 
accurate picture is represented by the mean of 46.8 
years. This agrees more closely with a report by De- 
Meester et al. who found that the highest occurrence 
was during the fifth decade of life. 

It is well noted that the incidence of pulmonary emboli 
is high in the obese, most probably because of reduced 
moblity and possibly due to general nutritional habits.!* 
Slowing of the general systemic circulation due to car- 
diac disease and the trauma associated with prior sur- 
gery undoubtedly accounted for the high incidence of 
patients in these categories suffering from pulmonary 
emboli. 

Eighty-six per cent of the patients were on anticoagu- 
lants preoperatively. It appears that the drugs were 
given in what is generally accepted as adequafe with 
respect to dose and method of administration. Some 
authors such as Butcher? have found anticoagulant 
therapy of little value in preventing further thrombotic 
disease. Most physicians, however, still regard heparirt 
therapy as the primary treatment for a single nonfatal 
pulmonary embolus. 

The postoperative use of anticoagulants remains con- 
troversial. The data presented point to a possible hazard. 
Considering positive recurrence of pulmonary emboli 
and positive diagnosis of new thrombophlebitis (25 
patients in all), 17 or 64% were on a regular therapy with 
heparin. Napseth and Moran* have demonstrated that 
anticoagulants have little effectiveness in lessening stasis 
sequlae. For this season Moran et al.*° seldom used 
anticoagulants postoperatively. Our results not only sug- 
gest failure to curb recurrence of thrombotic disease, 
but also substantiate the added hazard of hemorrhage. 
Forty-eight per cent of the patients treated with heparin 
postoperatively required transfusions as compared to 


TABLE 8. Late Leg Sequelae 


Ligation Plication 
Mild 4 3 
Moderate 3 3 
Severe 0 4 
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11% in the non-heparinized category. Thus anticoagu- 
Jants may not only give the patients a false sense of 
security but may indeed offer little or no protection 
against further thrombotic disease or recurrent pulmo- 
nary emboli. In addition, the risk of series bleeding is 
substantial. 

The stated mortality rate for plication (13%) is well 
comparable to other published reports.1116.17.21.22 

Mortality for the ligation category was found to be 
23%, slightly higher than reported by others.»?^2525 With 
respect to underlying diseases, it is noted that in five 
of the six ligation patients, post-op death was directly 
related to serious underlying disorders. None of these 
patients died of recurrence of pulmonary emboli. In 
the plication category, only one of the four postoperative 
deaths could be attributed to underlying circumstances. 
The other three had positive evidence of recurrence of 
pulmonary emboli. On the whole, patients in more 
critical condition were subject to caval ligation. With 
these explanations, concern of the mortality rate for the 
ligation procedure is indeed mollified. 

Following post caval interruption by plication there 
was a 30% incidence of documented recurrence. This 
could be due to 1) patient selection, 2) the techniques 
for testing and criteria used, or 3) the surgical pro- 
cedure itself. Regarding the patients, there was certainly 
no evidence that those with more serious thrombotic 
disease were selected for plication surgery. In fact, not 
only were more seriously ill patients selected for liga- 
tion, but they also had more serious underlying diseases. 

The same criteria and tests were used on both cate- 
tories eliminating the second alternative. The third 
reason seems to be the only possible explanation. 

The recurrence rate of 15% for the ligation category 
is also higher than that reported by others.?:99,34 

The recurrence of emboli then may be explained in 
several ways: 1) trapping a clot in the ligature or clip 
with subsequent embolism; 2) creating a cul-de-sac 
providing the necessary venous stasis coupled with the 
hypercoagulatability of the blood to cause thrombus 
formation on the proximal side of the clip or ligature; 
3) embolism from thrombus developed in a vessel which 
the IVC does not drain; 4) passage of an embolus 
through the clip. Although any embolus of this kind 
would probably be smaller than necessary to be fatal; 
5) embolization due to an inflammatory reaction around 
the clip and adjacent lumbar vein causing thrombus 
propagation proximal to the clip as described by Mul- 
lick et al.;*4 6) plication may impede venous return 
enough to act as a stimulatant to thrombus formation; 
7) recanalization of plication site; and 8) possible tech- 
nical errors. Careful preoperative evaluation and intra- 
operative attention to detail should minimize the risks 
of recurrence. 
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Reports of better results in late morbidity by Miles 
and Elsea!? and others! *.2? in favor of the plication 
procedure is not supported by our experience or others. 
For example, Moran ef al?! actually found less leg 
swelling in the ligation category and no "severe post- 
operative sequelae usually attributed to vena caval 
ligation.” They found ligation "indistinguishable" from 
partial occlusion. Mozes et a[?? dealing with 118 liga- 
tions showed on late followup 42% had no sequelae, 45% 
slight to moderate and only 13% had ulceration. De- 
Meester et al)! stated from the results of their study 
“we are unable to justify the liberalization of the indi- 
cations for inferior vena cava plication for prevention 
of pulmonary thromboembolism.” Annetts et al* came 
to similar conclusions. 

Although the numbers are small, it is still quite sig- 
nificant that in the ligation category of our study there 
were no patients with ulceration, and other severe leg 
sequelae upon late follow up. Determination of patency 
of the vena cava on late followup was not performed 
here but it is interesting to note the correlation of clin- 
ical manifestations of venous thrombosis post-opera- 
tively and occlusion of the plicatión site as reported 
by others.!?9 This may be the reason for the frequency 
of severe leg sequelae following IVC plication. As sug- 
gested by Ochsner et al. stimulus for immediate de- 
velopment of collaterals may be absent in these patients 
if the clip site becomes occluded causing venous 
sequelae due to insufficient collateral flow. This problem 
does not seem to exist in ligation patients. It would 
seem that in those patients with caval ligation col- 
laterals have not permitted clots to either pass through 
or block flow. The use of leg elastic bandages (and 
Jater the wearing of elastic stockings) plus elevation 
of legs and an early ambulation following caval surgery 
remain important factors in diminishing late morbidity. 


Conclusion 


l. Postoperative anticoagulants do not appear to di- 
minish the incidence of recurrent pulmonary emboli or 
thrombophlebitis. 

2. Postoperative heparinization resulted in a 48% inci- 
dence of serious hemorrhage. 

3. Recurrent pulmonary embolus was both more 
common and more serious in patients with cavil 
plication. : 

4. Late leg sequelae were worse in patients with 
caval plication. 
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Abdominoperineal Resection for Cid 


All abdominoperineal resections for carcinoma of the rectum 
carried out 1963-1972 in two small community hospitals 
are reviewed. Seventy-six patients were found: males slightly 
outnumbered females; the average age was 61. There were 
67 adenocarcinomas, 7 squamous cell carcinomas and one 
each of villous adenoma and carcinoid. Distribution of Dukes 
classification was: A-20, B-26, C-21, D-9. In an average case 
the operative time was 3 hours, 25 ‘minutes,’ 4 units of blood 
were used, and: postoperative hospital stay was 30 days. 
Postoperative complications were recorded in over 5096 of 
the patients with reoperation needed in 26% of all patients 
and delayed complications occurred in 4196. The operativé 
mortality was 1.396. Five year followup was possible in 40 
of 43 patients; survival according to Dukes' classification 
was A-8096, B-53%, C-9% and D-25% with overall sur- 
vival 45%. 


HERE IS GENERAL DISSATISFACTION with the surgical 

treatment for carcinoma of the rectum: operative 
morbidity is high, operative mortality is quoted at 10%, 
and a 50% five year survival rate remains unchanged 
in three decades. These reasons have. stimulated search 
for an acceptable alternative to the standard treatment 
of abdominoperineal resection. - 

Electrocoagulation has generally been reserved for 
palliation, poor risk patients, or those unwilling to 
undergo appropriate surgery. Madden and Kandalaft*® 
have recently undertaken an assessment of this approach 
as a realistic alternative to radical resection. They, and 
others,^9 ‘attempt through careful documentation and 
followup to provide a basis for the statistical and scien- 
tific comparison of results using this less invasive technic. 

The assessment of alternate treatment methods relies 
on comparisons with available current data regarding 
the state of the abdominoperineal resection. Such data 


is presently not readily available. Most studies fail to 
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separate, or do so only partly, cancer of the colon and 
that of the rectum. Very few studies originate from 
community hospitals, which collectively must account 
for a majority of the surgery, and whither new technics 
must be taken. Finally, all reports to date review time 
periods ending one decade ago; one exception? reviews 
patients to 1966. Crile and Turnbull? compare the 
results of both therapeutic modalities in the same time 
period, but recognize the bias introduced by different 
patient populations, selectivity, and changing of criteria 
during this time. They conclude, based on older statistics, 
that operative mortality averages 10% in the hands of 
general surgeons. Madden and Kandalaft* suggest that 
this rate increases to 17% in smaller community hospitals. 
Crile and Turnbull conclude that operative mortality 
must be below 5% in order to offer more cures with 
resection than electrocoagulation, but suggest that tliis 
figure is generally not attained. The present Ry) there- 
fore, was undertaken with four aims: 


1. To document the current status of the abdominop- 
erineal resection in the community hospital. - 

2. To investigate whether results of community hos- 
pital surgery are significantly different from quoted fig- 
ures. 

3. To provide up-to-date data for use in assessment 
of newer treatment. : 

4. To encourage similar reports from other areas so as 
to provide a comprehensive picture across the continent. 


Materials and Method 


The records of all patients who underwent abdomino- 
perineal resection for cancer of the rectum between 
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January 1, 1963 and December 31, 1972 at the Reddy 
Memorial and Queen Elizabeth Hospitals in Montreal 
were reviewed. The aims of the study were defined 
beforehand and the parameters to be examined de- 
termined. Both hospitals are general hospitals; at the 
time of reporting the Reddy Memorial has 225 beds and 
the Queen Elizabeth 263. Both were considerably smaller 
at the inception of the study period. During the decáde 
most of the surgery was done by specialist general sur- 
geons; some of the reported operations in both hospitais 
have been carried out by general practitioner surgeons. 
Both hospitals have had their own intern staff, but most 
of the surgical resident staff have come on rotations from 
the Montreal General Hospital, a teaching hospital of 
McGill University. The operations have been carried out 
by attending staff or house staff, but almost always under 
direct attending staff supervision in the latter case. Both 
the attending staff and the patient population have been 
stable during the decade under review. Followup of the 
patients was obtained from the hospital records, the 
Tumor Registry at each hospital and the surgeons' offices. 
The data obtained was analyzéd separately for each hos- 
pital and then statistical analyses carried out comparing 
the two patient populations. Similar comparisons were 
made for each of the parameters studied. 


Results 


There was no significant difference between the pa- 
tients or their tumors in either hospital. All the factors 
analysed except the postoperative complicátion rate, 
were also similar in the two groups. Therefore, the re- 
sults are combined and considered as a single unit. The 
apparent difference in the complication rate between 
the two groups will be discussed. 

There were a total of 76 abdominoperineal resections 

carried out in the 10 years with an even yearly distribu- 
tion (Fig. 1). In six patients the operation was done in 
two stages, the remainder had a one stage procedure. 
Additional surgery was carried out in 18 patients. 

'There were 46 males and 30 females in the group. The 
age ranged from 35 to 81 with an average age of 61. 
The average age for the females was 63 years and for 
the males 60. The age and sex distribution is shown in 
Fig. 2. 


Sixty-seven of the tumors were adenocarcinoma, 7 


Fic. l. Yearly distribution of w 
abdominoperineal resection for 
carcinoma in the decade re- 
viewed. No marked variation is 
noted in this distribution. 
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Fic. 2. Age and sex ratio of the patients studied. There were 


slightly more males than females. The peak for both sexes occurred 
in the seventh decade, slightly earlier in the males than the females. 
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were squamous cell carcinoma, and there was one eaca 
of villous adenoma and carcinoid tumor. Seven of the 
adenocarcinomas were multifocal and seven had assc- 
ciated polyps discovered in the specimen. Two ca- 
cinomas in the series followed long-standing ulcerative 
colitis. Pathologic staging of the tumor according to 
Dukes’ classification revealed the following distribution: 
A-20, B-26, C-21, D-9. Figure 3 depicts the pathological 
distribution. 

The operative time ranged from 55 minutes to 7 hours, 
25 minutes, with an average time of 3 hours, 25 (minutes. 
The patients received an average of four units of blood 
during their operative and postoperative course, with a 
range from 0-15 units. The average postoperative stay 
was exactly 30 days, ranging from 9 to 99 days. The 
average postoperative stay for patients without post- 
operative complications was 22 days, whereas it was 35 
days for those. with complications. 

A marked difference in the postoperative complication 
between. the two hospitals was noted. Whereas the 
Reddy Memorial Hospital accounted for 27 complica- 
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Fic. 3. Distribution of the cancers by pathological analysis, (a) 
Distribution according to Dukes’ classification. 12% of the operz- 
tions were done for stage D carcinoma; stages A, B and C were 
almost evenly divided, with a slight predominance of stage 3 
lesions. (b) Distribution according to pathological type. 88% cf 
the lesions were adenocarcinoma. Squamous cell carcinoma ac- 
counted for 7 cases and villous adenoma and carcinoid accounted 
for one case each. 
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tions in 14 of 38 patients (37%), a total of 77 complica- 
tions were recorded in 34 of the 38 patients (90%) at the 
Queen Elizabeth Hospital. A closer examination of this 
unexpected discrepancy in otherwise similar results re- 
vealed this to be a function of record keeping rather 
than a reflection on the patient population or surgical 
_ care. There was a more fastidious effort at accurate and 
frequent recording of progress at the Queen Elizabeth 
Hospital, with the result that all minor complications 
found their way into the chart. ‘Recording was often 
very scant at the Reddy Memorial Hospital. Two of the 
most common complications following abdominoperineal 
resection are atelectasis and perineal wound infection or 
sinus drainage. Yet no instance of these complications 
was recorded at the Reddy Memorial Hospital in 38 
operations—a record difficult to accept as accurate. Fac- 
tors which may be expected to vary with complications, 
and thus be used as an objective index of complication 
rate, are operative time, number of units of blood trans- 
fusions and, above all; the length of the postoperative 
stay. The operative time and the number of blood trans- 
fusions were the same in the two hospitals and there was 
a statistically insignificant difference of 1.5 days in post- 
operative stay between the two. Thus the apparent dis- 
crepancy of complication rates serves but to illustrate 
some of the difficulties inherent in retrospective studies 
dependent on chart reviews. In both hospitals more than 
50% of the patients who developed one complication, 
developed one or more additional complication. The 
presence of complications increased the postoperative 
hospital stay more than 50% for patients in both hospitals 
when compared to those for whom no complications 
were recorded. Table 1 lists the complications incurred 
during the same admission. It will be noted that another 
operation became necessary in 20 patients to deal with 
the complication (26% of all patients and 42% of those 
with complications). This figure may be spuriously high 
in that 3 of these operations were transurethral resections 
of the prostate done because of urinary retention. In each 
case prostatic enlargement, obviously unrelated to the 
original operation, was of importance in the etiology of 
the retention. The degree to which possible denervation 
of the bladder contributed was not documented in these 
three cases. 

There was one postoperative mortality in the 76 pa- 
tients, occurring ten days following operation, subse- 
quent to a cardiac arrest, giving an operative mortality 
rate of 1.3%. Two other patients died during the same 
hospital admission, 85 and 99 days following operation, 
both with widely disseminated carcinomatosis; both had 
had palliative resections carried out. 

Followup of the 76 patients revealed that 31 (41%) 
suffered 53 episodes of late complications of the pro- 
cedure necessitating 39 operative corrections. As seen 
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TABLE 1. ComphcaHons of Abdominoperineal Resection During 


Same Admission* 


Number Requiring 


Complication Number Episodes Operation 
Wound Infection 30 1 
Genitourinary Ij 4 
Hemorrhage 10 5 
Bowel Obstruction 8 3 
Pulmonary 7 — 
Colostomy 6 4 
Dehiscence 4 3, 
Cardiac 4 — 
Thromboembolic 4 — 
Miscellaneous 11 — 
Deatht 3 — 


*104 complications i in 48 of 76 patients, needing surgical correction 
in 20 patients. 

tOperative mortality 1.3%: one death within 30 days. Two 
other deaths occurred during the same admission 3 months post- 
operatively from carcinomatosis. 


from Table 2, most of these were related to the genitouri- 
nary tract, the colostomy or the perineum. In addition, 7 
patients underwent surgery because of recurrence of 
tumor. 

Forty-three patients are five years or more beyond 
their operation. Followup is available on 40 of them 
(Table 3). Crude survival of the whole group available 
for followup is 45%. Broken down by pathological stag- 
ing, 5 year survival is as follows: Dukes’ A-80%, B-53%, 
C-9%, and D-25%. The 5-year survival rate for all pa- 
tients resected for cure is 47%, and that for patients 
without node involvement is 64%. Of the survivors at 5 
years, 3 are known to have had, or have subsequently 
developed recurrent carcinoma. Patients from the whole 
series, who have died, have lived an average of 24 
months postoperatively, with longer ‘survival in the more 
favorable lesions ( Table 3). One patient was found to 
have a D liver metastasis at the time of original 
operation. A partial hepatectomy was done with the 
abdominoperineal resection, and she lived 5 years before 
finally succumbing to recurrent disease. 

The 76 operations were carried out by or under the 
supervision of 18 surgeons; 2 of the operations were 


TABLE2. Late Complications Following Abdominoperineal Resectton* 
Number 
Number Number Requiring 
Complication Episodes Patients Operations 
Genitounirary 19 16 11 
Colostomy 15 11 13 
Perineal Wound 14 11 11 
Small Bowel Obsiruction 3 2 2 
Ventral Hernia 2 2 2 
Reoperation for Recurrence -— 7 7 


* 31 patients suffered 53 late complications requiring 39 operative 


procedures for correction. In addition, 7 patients underwent sub-. 


sequent surgery because of recurrent carcinoma. 
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TABLE 3. Five-Year Survival Raie of Abdominoperineal Resection 
for Cancer 


5 Year Survival Non-survivors 


Number Number in Avg. No. Mos. 
Grade Patients Number % Whole Series Survival 
A 10 8 80 21 16i 
B 15 8* 53 10* 3t. 
C ii 1 9 13 21 
D 4 it 25 41 24 
Total 40 18 45 29 24 


* Two patients died with metastatic cancer at 60 mos. 
f One patient died with metastatic cancer at 60 mos. 
Í Includes one postoperative death at 10 days. 


done by general practitioner surgeons, the others by 
specialist general surgeons. Only two of the 18 surgeons 
did more than 10 resections in the decade, five surgeons 
did 5-9 resections, and 11 surgeons did less than 5. Seven 
surgeons did one resection each in the ten years studied. 


Discussion 


Our study suggests that a prohibitive mortality rate is 
no longer a valid reason for avoiding abdominoperineal 
resection. The operative mortality rate of 1.32, moreover, 
does not bear out the suggestion that mortality incresses 
in the community hospital; to our knowledge, this is the 
lowest operative mortality rate reported following ab- 
dominoperineal resection. 

The abdominoperineal resection does, however, exert 
a high toll in morbidity: a 3% hour operation, associated 
with the transfusion of 4 units of blood with their risk 
of mis-matching and hepatitis, followed by a complicated 
one-month’s hospital stay, leaves a patient with a 40% 
chance of needing a subsequent lesser operative pro- 
cedure for a delayed complication as well as a 45% 
chance of surviving 5 years. The survivor is left with a 
permanent colostomy and a high incidence of impotence 
in the male. ( The incidence of this complication was not 
assessed in this study.) 

The 5-year survival statistics, although based on small 
numbers, do indeed suggest that there has been no gross 
change in the survival rate following abdominoperineal 
resection. It is noteworthy that these results from two 
small community hospitals are essentially comparable to 
figures quoted from the large Boston hospitals in the 
decades 1950-1959,® 1959—1960,! as well as those quoted 


. in current textbooks of surgery, culled from leading 


specialty centres in North America’ and Great Britain.* 
In view of the apparent lack of progress over the 
decades and the apparent inability of specialized centres 
to improve significantly on the results of community 
hospitals, it does indeed seem reasonable that new 
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modes of treatment be explored. Before attempting to 
improve a treatment, the current status of the accepted 
mode of therapy must be known. This review has at- 
tempted in a small way to provide a statement of the 
current status. From this report it is evident that a 
method producing a decrease in the complication rate 
and hospital stay, even while leaving survival unchanged,. 
would constitute significant improvement. Man's adapt- 
able nature allows him to adjust to morbidity and retain 
some quality of life; for this reason any new therapy 
must not decrease morbidity at the expense of lower 
survival rates. 

Because of the selectivity involved in accepting pa- 
tients for electrocoagulation for rectal carcinoma, it 
would seem that only a randomly controlled study fol- 
lowing the initial selection would provide the answer 
to questions regarding survival with either technique. 
Such a study is not feasible in a small community hos- 
pital because of lack of numbers. It is hoped that the 
proponents of electrocoagulation accept the need for 
such a study and help carry it out in centres where 
sufficient patients are available. In the meanwhile, com- 
munity hospitals should continue with the resection 
which they have learned to do as well as the specialists, 
and should consider electrocoagulation an experimental 
technique justified for use in control studies by specialists 
only, reserving it in their own practice to situations 
where surgery cannot be carried out. It is hoped also that 
other centres, including teaching hospitals, specialized 
departments of proctology and colorectal surgery, and 
community hospitals gather up their data to provide a 
comprehensive and up-to-date picture of the results of 
classical treatment of cancer of the rectum. 
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The Influence of DL-A Compatibility on the Survival 
of Hepatic Allografts in Unmodified Mongrel Dogs 
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Heterotopic hepatic transplantation was performed in 26 
pairs of littermate and non-littermate mongrel dogs selected 
by serological criteria of DL-A compatibility. No immuno- 
suppression was given. In non-littermates, 11 recipients of 
DL-A incompatible allografts survived 10-22 days (mean 
13.4 days). Mean serum bilirubin rose by the 6th day. Three 
recipients of DL-A compatible allografts survived 13, 41, 
and 60 days, (mean 38 days). Mean serum bilirubin rose 
by the 8th day. In littermates, 5 recipients of DL-A incom- 
patible allografts survived 7-12 days (mean 10.2 days) and 
mean serum bilirubin rose by the 6th day. Four recipients 
of DL-A compatible allografts from phenotypically DL-A 
non-identical donors survived 58, 82, 90 and 128 days (mean 
89.5 days). Mean serum bilirubin rose by the 29th day. In 
contrast, 3 recipients of DL-A phenotypically identical allo- 
grafts survived 171, 536 and over 636 days respectively, with 
normal mean serum bilirubin levels. The results confirm the 
role of the DL-A system in hepatic transplantation in mongrel 
dogs, and suggest that this dog population may constitute a 
suitable experimental model parallelling the current situa- 
tion with regard to HL-A compatibility testing in outbred 
human subjects. The relatively long survival of DL-A com- 
patible heterotopic hepatic allografts, compared with similar 
transplants of skin, kidney and heart, also suggests a need for 
studies of possible alteration in parameters of humoral and 
cellular reactivity in these recipients. 


HE OUTSTANDING PROBLEM in clinical organ transplan- 
Tom today is the destruction of allografts by recip- 
ient immune mechanisms originally developed to protect 
the host from his own mutant cells!* or from inva- 
sion by foreign micro-organisms.*! The recognition and 
rejection of transplanted tissues has been shown to be 
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related to genetically determined antigenic (i.e., histo- 


compatibility) differences between donor and recipient.’ 
The rnost frequent form of clinical transplantation, blood 
transfusion, developed after recognition and utilization of 
criteria of compatibility for the ABO antigen system. 
While the ABO system also plays an important role in 
clinical organ transplantation,?? the early demonstration 
by Medawar!* that sensitization of rabbits with white 
blood. cells could induce the accelerated rejection ot 
donor-specific skin grafts provided the first evidence that 
additional factors, present in nucleated cells, were impli- 
cated in transplantation. The ready availability of lymph- 
ocytes for in vitro studies has provided a useful source 
of such cells for the study of serologically detectable 
antigenic systems implicated in allograft rejection. Such 
studies have identified major histocompatibility systems 
in mice, man,9?5 rats 895 pigs 99/5 guinea pigs," 
dogs?" chimpanzees,’ and rhesus monkeys.^* 

In cutbred species, the dog has been one of the most 
widely employed animals for studies of liver transplanta- 
tion. The earlier studies of Ferrébee,99.47,51,58,00,68 Cleton 
et al/? Cohen and Kozari?!' Epstein et al?* and 


Vriesendorp et ai? demonstrated that immunization of , 


dogs with leukocytes and/or skin allografts results in the 
production of group-specific leukocyte isoantibodies 
which could identify components of a major histocom- 
patibikty system in this species, termed DL-A.*? Twelve 
different leukocyte antigen specificities have been iso- 


lated in the selectively bred lines of beagles maintained. 
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at the Mary Imogene Basset Hospital in Cooperstown, 
New York.*” Further studies in the dog have also resulted 
in the definition of serologically demonstrable products 
of at least two closely linked genetic loci within the 
DL-A system." The products of these loci are deter- 
mined as alternative alleles within the DL-A system and 
are transmitted en block from parent to offspring.?? 
Studies of the selectively bred lines of Cooperstown 
beagles have shown that the survival of skin,** lung, 
kidney,9?35 heart!?* and liver?*?? can be significantly 
prolonged under conditions of donor-recipient genotypic 
DL-A identity. Boss? and Westbroek'?** have further 


confirmed the importance of such serologically detectable. 


histocompatibility determinants in the dog. 

It is of particular interest that in the Cooperstown 
colony the greatest prolongation of allograft survival 
within DL-A identical dogs occurred with liver allo- 
grafts? and that the differences in survival between 
compatible and incompatible liver allografts in this pop- 
ulation appeared to be more marked when the trans- 
planted livers were placed in a heterotopic, auxiliarv 
position, rather than as orthotopic transplants.???? 

The results of these studies in selectively bred lines of 
beagles of known DL-A genotypes stimulated the present 
study, designed to evaluate the possible influence of cur- 
rently available serological criteria of DL-A histocom- 
patibility on the survival of heterotopic auxiliary hepatic 
allografts in outbred mongrel dogs. 


Materials and Methods 


The experimental animals included 52 mongrel litter- 
mate and non-littermate dogs, weighing 8.5 to 23.5 kgs. 


Donor and recipient pairs were selected on the basis cf 


compatibility for DL-A antigens b,c,d,e,f,¢,h,k,Lm,n, and 


0, detected by a lymphocytotoxicity technique.1*53 Ca- 


nine erythrocyte antigens were determined by the tech- 
nique of Swisher. When possible, the donor weighed 
approximately 2 kg less than the recipient. 

Transplantation was performed under intravenous pen- 
tobarbital anesthesia, using a modification of the tech- 
nique of Corry.?? The recipient was prepared by chole- 
cystectomy, ligation and division of the common bile 
duct, and right nephrectomy. The portal vein was ex- 
posed and all branches divided from the splenic vein 
to the liver hilus. 

The donor animal received an intravenous infusion of 
‘500 ml of normal saline with prednisone 5 mg, chlorpro- 
mazine 3 mg/kg and phenoxybenzamine 2.5 mg/kg. The 
donor liver was removed by a previously described tech- 
nique? and was perfused through the portal vein with 
2000 ml of a cool (4C) buffered electrolyte solution. 
500 ml of donor blood was saved for transfusion into 
the recipient. The allograft was placed into the right 
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Hank of the recipient and the allografted inferior vena 
cava was anastamosed end-to-side to the recipient's in- 
ferior vena cava. The allografted celiac axis was anas- 
tamosed end-to-end to the recipient’s right iliac artery, 
and the allografted portal vein was anastamosed end-to- 
end to the recipients portal vein. The recipients su- 
perior mesenteric artery was occluded during portal vein . 
clamping in order to decrease splanchnic congestion. 
Revascularization of the allograft was accomplished after 
completion of all three vascular anastamoses. The aver- 
age ischemia time was 53 minutes (range 45 to 60 min- 
utes) and the average portal vein occlusion time was 8 
minutes (range 6 to 10 minutes). In three animals, where 
the donor was considerably larger than the recipient, the 
left lateral lobe of the allograft was resected, in order to 
avoid excessive intraabdominal tension. Biliary drainage 
of the transplants was provided by a cholecystoduoden- 
ostomy (Fig. 1). All recipients received ampicillin, 250 
mg daily, beginning 3 days prior to transplantation and 
continuing for 150 days. No animals received immuno- 
suppression. Serum bilirubin levels were determined 3 
times weekly, and autopsy was done in all animals shortly 
after death. The transplants were removed for histolog- 
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ical confirmation of the diagnosis of rejection. In this 
experimental model, allograft rejection produces increas- 
ing jaundice of the recipient and splanchnic venous con- 
gestion, which appears to be the primary cause of death. 


Results 


Table 1 summarizes the donor-recipient DL-A and 
erythrocyte group incompatibilities, and Fig. 2 illustrates 
the survival time of the corresponding allografts. Sixteen 
recipients of grafts obtained from donors incompatible 
for DL-A specificities c,e,f,g,l,m,n, or o, survived for 7 to 
22 days (mean 12.4 days). This group included 5 pairs 
of littermates, with survivals of 7 to 12 days (mean 10.2 
days), and 11 non-littermates, with survivals of 10 to 22 
days (mean 13.4 days). All recipients of allografts ob- 
tained from donors incompatible for DL-A specificities 
g or l survived for less than 12 days. Six of 11 (55%) of 
the shorter-lived (7 to 12-days) recipients were trans- 
planted in the face of donor recipient incompatibilities 
for 2 or more leukocyte group antigens, as compared to 
only one of 5 (202) of the longer-lived group of recipi- 
ents (13 to 22 days), transplanted under similar condi- 
tions. 

Ten animals received allografts from DL-A compatible 
donors. Three dogs (DL-A phenotypes beg klm,egl 
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n, and beg kl no) received livers obtained from non- 
littermates and survived for 13, 41 and 60 days respec- 
tively (mean 38.0 days). Seven animals received allo- 
grafts from DL-À compatible littermates. Three of these 
recipients (dogs 1, 2 and 3), with DL-A phenotypes 
bcegkimn, bcekn,andbclkn, received hepatic 
allografts from donors which were phenotypically DL-A 
identical. Two animals died at 171 and 536 days, and one 
dog is currently surviving with normal serum bilirubin 
levels at 636 days. In 4 other DL-A compatible littermate 
recipients with DL-A phenotypes bcegkl,bcegkln 
o, b ce ko, and bce g k l, leukocyte specificities c g Lor o 
were detected in the recipient which were absent in the 
donor. These pairs may thus have been DL-A haplo- 
identical. Such recipients survived for 58 to 128 days 
( mean 98.5 days). No evidence of graft-vs-host responses 
occurred in any of the recipients. 

The mean serum bilirubin values are shown for non- 
littermate pairs in Fig. 3 and for littermate pairs in Fig. 4. 
In non-littermates, elevations of mean serum bilirubin in. 
DL-A compatible pairs began 2 days later than in DL-A 
incompatible pairs; the elevations were also slightly less 
marked in the DL-A compatible pairs. 

In DL-A incompatible littermate recipients, marked 
elevations of the mean serum bilirubin levels occured by 
the sixth post-transplant day. In contrast, in DL-A com- 


e 
TABLE 1. Sex, Erythrocyte and Leukocyte Donor-Recipient and Rectpient-Donor Incompatibilities in Transplanted Pairs 


Donor-Recipient Incompatibilities 





Dog 
Number Donor Sex Erythrocyte 
DL-A 1 M — 
Compatible Littermates 2 E — 
3 F — 
4 F — 
5 F AD 
i 6 F — 
7 F — 
DL-A 8 F — 
Compatible 
Non-Littermates 9 F — 
10 F — 
DL-A 11 F D 
Incompatible 
. Littermates 12 F — 
13 M D 
14 F E 
15 F — 
DL-A 16 M — 
Incompatible 
Non-Littermates Iz F — 
18 F — 
19 M — 
20 F — 
21 F — 
22 F A 
23 F — 
24 M — 
25 F — 
26 M — 


Recipient-Donor Incompatibilites 


Leukocyte Recipient Sex Erythrocyte Leukocyte 
= M = = 
= F NUN = 
= F we a 
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— F —- o 
— F — o 
— F D gl 
2s F — _ 
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gin M um = 
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lo F Fa EE 

e F — fi 
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f F — k 

e F A fn 

n E — befm 
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n F — c š 
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Fic. 2. Auxiliary hepatic allograft survival in DL-A compatible 
and incompatible littermate and non-littermate pairs. 


patible littermates elevations of mean serum bilirubin 
did not occur until the 18th day, and were relatively 
small. In recipients of livers obtained from phenotyp- 
ically DL-A non-identical donors, mean serum bilirubin 
levels remained elevated from the 29th day until death. 
In recipients of phenotypically DL-A identical allografts, 
the mean serum bilirubin levels remained regularly be- 
low 2 mg/100 ml. Differences in sex and erythrocyte 
antigens did not appear to exert any significant effect 
upon the survival of hepatic allografts in this study. 


Discussion 


Studies of the selectively bred lines of beagles at Coop- 
erstown,'!-13.20-22,30,53-59 confirmed by the work of Vries- 
endorp et a[,597971737* have demonstrated that the 
DL-A system of histocompatibility plays a significant 
role in conditioning the survival of skin," kidney,®*55** 
heart,!*54 small bowel"? and liver allografts??? in the 
canine species. The present study has been concerned 
with the fate of heterotopic hepatic allografts in donor- 
recipient pairs of dogs selected on the basis of DL-A 
compatibility in an outbred population of mongrel dogs. 
The results indicate that the survival of heterotopic 
hepatic allografts is significantly prolonged under condi- 
tions of DI-A compatibility in mongrel dogs. The cur- 
rently available criteria of DL-A compatibility were far 
‘more effective, however, when applied to littermate dogs, 
in which the available phenotypic criteria may have had 
some correlation with the dogs' actual DL-A genotypes. 
In this regard, the results parallel current clinical results 
of renal allografts in man, which suggest that HL-A 
criteria of histocompatibility are far more effective in 
improving allograft survival in living-related rather than 
in unrelated subjects.**#° Current progress in the identi- 
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fication of additional components of the mammalian 
main histocompatibility complex which are not amenable 
to serological detection?*?3-35,61.16 may provide a partial 
explanation for this difference. Indeed, HL-A identity in 
human sibling pairs has already been shown to be gen- 
erally associated with at least one such additional deter- 
minant, the product of an “LD” locus, detectable by the 
mixed leukocyte culture technique: Additional deter- 
minants of this type, such as the HDR or cellular hyper- 
sensitivity locus in man,*? or the bone marrow transplan- 
tation loci postulated to exist in mice?’ and in dogs? 
would appear to be consonant with this interpretation. 
The results highlight the need for the development and 
application to the canine species of new in vitro tech- 
niques capable of detecting such additional components 
of the main histocompatibility locus in dogs. 
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Earlier reported mean survival times of orthotopic 
hepatic allografts in selectively bred lines of dogs were 
76.7 days for genotypically DL-A identical allografts and 
1] days for genotypically DL-A incompatible allografts.°° 
In littermate pairs, obtained from the same Cooperstown 
population, auxiliary heterotopic hepatic allografts ob- 
- tained from DL-A incompatible donors also had a mean 


survival time of 11 days but, two of three DL-A com- 


patible allografts survived until sacrifice at 150 days.?? 
Marchioro* has postulated that a competitive balance 
may exist between the recipient and graft livers in hetero- 
topic hepatic transplantation, and it has been suggested? 
that the relatively marked differences in the survival of 
the allografts obtained from compatible and incompat- 
ible donors in heterotopic hepatic transplants may be 
related to this competitive balance. If so, significantly 
shortened survivals of heterotopic incompatible allo- 
grafts might have been expected. This has not been 
observed in the present series, although the number of 
animals studied is insufficient at this time to permit a 
definite conclusion on this question. An alternative expla- 
nation may be that the presence of residual function in 
the recipients own liver permits longer survivals when 
allograft rejection is relatively mild in nature. Alterna- 
tively, the long term presence of the damaged recipient 
liver in the allografted host may alter his response to the 
heterotqpic allograft.1° 

Within the Cooperstown colony, genotypically DL-A 
identical skin, kidney and heart allografts have survived 
in untreated dogs 1.5 to 3 times longer than similar DL-A 
incompatible allografts.*° In contrast, the survival of 
DL-A identical hepatic allografts in the same population 
was 6 to 7 times longer than that observed with DL- A 
incompatible transplants.” Similar prolongations in sur- 
vival occurred in mongrel dogs used in the présent ex- 
periment. It is not clear at present why DL-A compatible 
hepatic allografts are accorded longer survival times 
than other tissues. A number of possibilities may, how- 
ever, be deserving of further studies. The first includes 
the postulated greater ability of the liver to withstand 
immunological attack, possibly due to its great regenera- 
tive capacity, or to the absence of endothelium in hepatic 
sinusoids. Other possibilities include a low level of anti- 
genic challenge by the liver allograft, and a possible 
interference with host immune responses. 

, Calne!$4* and Terblanche* have reported prolonged 
survivals of hepatic allografts in Large White and Land- 
race strains of pigs, despite the rapid rejection of skin 
and kidney allografts in these animals. Simultaneous 
hepatic transplantation has, however, also induced longer 
survivals of skin and kidney allografts in these ani- 
mals.1718 This protective effect persisted if the hetero- 
topic hepatic allograft was removed after 24 hours, Prior 
sensitization by skin transplantation from the same donor 
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resulted in the prompt rejection of a hepatic allograft, 
but the protective effect of a hepatic allograft persisted 
for as long as two weeks before transplantation of donor 
specific skin. Calne? has also demonstrated a prolonga- 
tion of kidnev allograft survival in pigs after pretreat- 
ment with soluble membrane extracts of donor liver or 
spleen. Such experiments have been interpreted as con- 
sistent with the hypothesis that hepatic allografts may 
release a variety of transplantation antigens into the 
recipient, which may have the capacity to induce partial 
levels of donor- specific unresponsiveness to renal allo- 
grafts in immunologically mature pigs. 

It is of interest in this regard that, while the liver 
has been a good source of H antigens in mice, if meas- 
ured in vitro,?-*34.37.50 it has had very poor in vivo sen- 
sitizing capacity.1*:59 Further, it has been demonstrated 
in this species that hepatic transplantation antigen ex- 
tracts had the capacity to protect the recipients from the 
sensitizing ability of normally active splenic extracts.3%*? 
These findings have been interpreted as consistent with 
the presence in the liver of a factor which may inhibit 
host sensitization to alloantigens.‘ 53 More recently, Palm 
and Mansoní* have presented evidence that this factor 
may be localized to hepatic lysozomal lipoproteins. 
Taken together, these data point to the need for a sys- 
tematic study of possible alterations in various param- 
eters of humoral and cellular reactivity in long-term 
recipients of heterotopic liver allografts. Such studies, 
which are in progress in this labaratory at present, would 
appear to be consonant on a preliminary basis with the 
development of relative decreases in immunological re- 
sponsiveness in this population of allograft recipients. 
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Modern method of hemostasis, ideal in virtually all surgical procedures, 
proved quick and effective time and again in these specific operations: 
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A. The Hemoclip tantalum 


clip (large, medium, or small) 


is positioned around vessel 
of appropriate diameter. 


B. Tips of the clip close first 
and uniformly, giving sur- 
geon constant control. 


C. Final parallel closure. 


Clip serrations grip tight on - 


tissue. 





* Hemoclip tantalum clips 
are made of an inert, non- 
irritating, permanently strong 
metal. 


* Applying forceps for He- 
moclip tantalum clips handie 
easily .. . come in many 
lengths and styles. 


Please contact Department 003 (in for more detailed information. 
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EDWARD WECK & COMPANY, INC. * 49-33 31st Place, Long Island City, N.Y.11101 
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suspect it in the presence 
Of signs and symptoms such as these. 
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*Note: The use of DECADRON in cerebral edema is not a substitute for careful neurosurgical 
evaluation and definitive management such as neurosurgery or other specific therapy. 


Injection: 4 mg/ml Phosphate Tablets: 1.5 mg, 0.75 mg, 0.5 mg, 0.25 mg 


an indication for DECADRON ana DECADRON 


(Dexamethasone Sodium —— (Dexamethasone|MSD) 


Phosphate|MSD) 


For a brief summary of prescribing information, please see following page. 





“Some degree of edema accompanies most 
head injuries. Various methods have been 
used to control this, but at present the most 
efficient method is use of...dexamethasone 
[DECADRON']... . The effect of this is not well 
understood, but there is little question that 
edema of the brain is significantly lessened by 
its use.” 


Ritchie WP: The emergency care of cerebral injuries, 
J Lancet 86:255, June 1966. 


The use of DECADRON in cerebral edema is 
not a'substitute for careful neurosurgical eval- 
uation and definitive management such as 
neurosurgery or other specific therapy. 


-Dosage for cerebral edema 


Injection DECADRON Phosphate is generally 
administered initially in a dosage of 10 mg 
dexamethasone phosphate (2.5 ml) IV followed 
by 4 mg dexamethasone phosphate (1 ml) IM 





Injection 


Phosphate 


(Dexamethasone Sodium 
Phosphate|MSD) 





every six hours until symptoms of cerebral 
edema subside. Response is usually noted 
within 12 to 24 hours and dosage may be re- 
duced after two to four days and gradually dis- 
continued over a period of five to seven days. 
For the palliative management of patients with 
recurrent or inoperable brain tumors, main- 
tenance therapy should be individualized with 
either Injection DECADRON Phosphate or Tab- 
lets DECADRON (supplied as 1.5-, 0.75-, 0.5-, 
and 0.25-mg tablets). Two mg two or three 
times daily may be effective. The smallest dos- 
age necessary to control cerebral edema should 
be utilized. The usual precautions in regard 
to corticosteroid therapy should be employed, 
and antacids, anticholinergic drugs, and diet 
measures to prevent gastrointestinal ulcer or 
hemorrhage should be considered. Please read 
the brief summary below, and consult full pre- 
scribing information before prescribing or 
administering. 
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Contraindications: Systemic fungal infections. 


Warnings: In patients on corticosteroid therapy subjected 
to unusual stress, increase dosage of rapidly acting corti- 
costeroids before, during, and after the stressful situation. 
Corticosteroids may mask some signs of infection; new 
infections, decreased resistance, and inability to localize 
infection may occur. Prolonged use of corticosteroids may 
produce posterior subcapsular cataracts and glaucoma 
with possible damage to optic nerves and may enhance 
the establishment of secondary, fungal or viral ocular in- 
fections. 


Usage in pregnancy: In pregnancy, nursing mothers, or 
women of childbearing potential, weigh possible benefits 
against potential hazards to mother and embryo or fetus. 
Infants of mothers on substantial doses of corticosteroids 
during pregnancy should be carefully observed for signs 
of hypoadrenalism. 


Elevation of blood pressure, salt and water retention, and 
increased excretion of potassium may occur with large 
doses of synthetic corticosteriods; dietary salt restriction 
and potassium supplementation may be necessary. All 


corticosteroids increase calcium excretion. Patients on 
corticosteroid therapy should not be vaccinated against 
smallpox and other immunization procedures should not 
be undertaken. Corticosteroids may suppress reactions 
to skin tests. 


In active tuberculosis, use should be restricted to fulmi- 
nating or disseminated tuberculosis and should be in 
conjunction with appropriate antituberculous regimen; in 
latent tuberculosis or tuberculin reactivity, close observa- 
tion is necessary as reactivation of the disease may occur, 
and patients should receive chemoprophylaxis durine nro- 

longed corticosteroid therapy. 


Because rare instances of anaphylactoid reactions have 
occurred in patients receiving parenteral corticosteroid 
therapy, appropriate precautionary measures should be 
taken prior to parenteral administration, especially in pa- 
tients with history of drug allergy. 


Precautions: ORAL AND PARENTERAL THERAPY—Drug-induced 
secondary adrenocortical insufficiency may persist for 
months after discontinuation of therapy and may be mini- 
mized by gradual reduction of dosage; in any situation of 


stress occurring during tnat period, hormone therapy 
should be reinstituted. If patient already is receiving ste- 
roids, dosage may have to be increased. Since mineralo- 
corticoid secretion may be impaired, sait and/or a 
mineralocorticoid should be administered concurrently. 


In hypothyroidism and in cirrhosis, there is an enhanced 
effect of corticosteroids. Use cautiously in-patieats with 
ocular herpes simplex for fear of corneal ulceration and 
perforation. 


The lowest possible dose should be used, and when re- 
duction in dosage is possible, it must be gradual. Psychic 
derangements may appear, ranging from euphoria, in- 
somnia, mood swings, personality changes, and severe 
depression to frank psychotic manifestations, and existing 
emotional instability or psychotic tendencies may be ag- 
gravated. In hvpoprothrombinemia, use aspirin cautiously 
in conjunction with corticosteroids. 


Use with caution in nonspecific ulcerative colitis, if there 
isa probability of impending perforation, abscess, or other 
pyogenic infection; also in diverticulitis, fresh intestinal 
anastomoses, active or latent peptic ulcer, renal insuffi- 
ciency, hypertension, osteoporosis, and myasthenia gravis. 
Fat embolism has been reported as a possible complica- 
tion of hypercortisonism. An ulcer regimen including an 
antacid should be considered as a prophylactic measure 
during prolonged therapy. 


Growth and development of infants and children on pro- 
longed therapy should be carefully followed. Motility and 
number of. spermatozoa may be increased or decreased. 
Diphenylhydantoin may enhance the rate of metabolism 
and clearance of corticosteroids, and this may increase 
steroid dosage requirements. 


OnaL TugzRAPY— Dosage must be individualized according 
to severity of disease and response of patient. Blood pres- 
sure, body weight, routine laboratory studies, including 
2-hour postprandial blood glucose and serum potassium, 
and a chest x-ray should be obtained at regular irtervals 
during prolonged therapy. Upper G.I. x-rays are desirable 


in patients with known or suspected peptic ulcer disease.: 


Continued supervision of patient after cessation of corti- 
costeroids is essential, since there may be a sudden re- 
appearance of severe manifestations of disease for which 
patient was treated. 


PARENTERAL THERAPY—The injectable form is sensitive to 
heat and should not be autoclaved when it is desirable to 
sterilize the exterior of the vial. Intra-articular injection 
may produce systemic as well as local effects. Appropriate 
examination. of any joint fluid present IS necessary to ex- 
clude a septic process. Marked increase in pain accom- 
panied by local swelling, further restriction. of joint mo- 
tion, fever, and malaise are suggestive of septic arthritis; 
if this complication occurs and diagnosis of sepsis is con- 
firmed, appropriate antimicrobial therapy should be in- 
stituted. Local injection of a steroid into an infected site is 
to be avoided. Should not be injected into unstable joints. 
Patients should be impressed strongly with the impor- 
. tance of not overusing joints in which symptomatic bene- 
fit has been obtained as long as the inflammatory process 
remains active. The slower rate of absorption by intra- 
muscular administration should be recognized. 


Adverse Reactions: ORAL AND PARENTERAL THERAPY—F/uid 
and Electrolyte Disturbances: Sodium retention; fluid re- 
tention; congestive heart failure in susceptible patients; 
" potassium loss: hypokalemic alkalosis; hyperteasion. 
Musculoskeletal: Muscle weakness; steroid myopathy; 
loss of muscle mass; osteoporosis; vertebral compression 
fractures; aseptic necrosis of femoral and humeral heads; 


pathologic fracture of long bones. Gastrointestina/: Peptic 
ulcer with possible subsequent perforation and hemor- 
rhage; pancreatitis; abdominal distention; ulcerative 
esophagitis. Derrnatologic: Impaired wound healing; thin 
fragile skin; petechiae and ecchymoses; erythema; in- 
creased sweating; may suppress reactions to sk.n tests; 
other. cutaneous reactions. Neurologic: Convulsions; in- 
creased intracranial pressure with papilledema (pseudo- 
tumor cerebri) usually after treatment; vertigo; headache. 
Endocrine: Menstrual irregularities; development of cush- 
ingoid state; suppression of growth in children; seccndary 
adrenocortical and pituitary unresponsiveness, particu- 
larly in times of stress, as in trauma, surgery, or illness; 
decreased carbohydrate tolerance; manifestatiors of ia- 
tent diabetes mellitus; increased requirements for insulin 
or oral hypoglycemic agents in diabetics. Ophthaimic: 
Posterior subcapsular cataracts; increased intraocular 
pressure; glaucoma; exophthalmos. Metabolic: Nezative 
nitrogen balance due to protein catabolism. 


PARENTERAL THERAPY—Hypotensive or shock-like reaction 
hypersensitivity; thromboembolism; burning or. tingling, ` 
especially in the perineal drea (after IV injection); rare in- 
stances of blindness associated with intralesional therapy 
around the face and head; hyperpigmentation cr hypo- 
pigmentation; subcutaneous and cutaneous atrophy; ster- 
ile abscess; postinjection flare (following intra-articular 
use); Charcct-like arthropathy. 


How Süpplied: Tablets in four strengths: 1.5 mg cexa- 
methasone, in bottles of 50; 0.75 mg dexamethasone, in 
5-12 PAK? (package of 12), single-unit packages of 100, 
and bottles of 100 and 1000; 0.5 mg dexamethasone, in 
bottles of 100 and 1000; and 0.25 mg, in bottles of 100. 
Injection, in 1-ml disposable syringes and 1-ml, 5-ml, and 
25-ml vials, containing per ml: dexamethasone sodium 
phosphate equivalent to 4 mg dexamethasone phosphate 
cr 3.33 mg dexamethasone, 8 mg creatinine, 10 mg so- 
dium citrate, sodium hydroxide to adjust pH, water for 
injection q.s. 1 ml,.and 1 mg sodium bisulfite, 1.5 mg 
methylparaben, and 0.2 mg propyiparaben added as pre- , 
servatives. 


For more detailed information, consult your MSD repre- 
sentative or see full prescribing information. Merck Sharp 
& Dohme, Division of Merck & Co., INC., West Point, Pa. 
19486 


Tablets 


DECADRON' 


(Dexamethasone|MSD) 


in ection Phosphate 


DECADRON’ 


(Dexamethasone Sodium 
Phosphate|MSD) 
MSD 


Re 


MODERN SURGICAL MONOGRAPHS 
Series Consultant: Richard H. Egdahl, M.D. 
MALIGNANT LYMPHOMAS 


Nodal and Extranodal Diseases 
By Yeu-Tsu N. Lee, M.D. and John S. Spratt, M.D. 
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findings. The contributions of radiation therapy and chemotherapy are 
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The Effect of Parietal Cell and Truncal Vagotomy 
on Gastric and Duodenal Contractile Activity 


of the Unanesthetized Dog 


G. DALY WALKER, M.D., JOHN j. STEWART, M.S., PAUL BASS, Ph.D. 


The — duodenal contractile relationship: was studied in 
control, after parietal cell vagotomy and truncal vagotomy 
conditions using extraluminal strain gage transducers... All 
conditions were investigated under interdigestive and diges- 
tive states and after insulin, bethanechol and histamine. After 
parietal cell vagotomy, there was minimal. alteration of the 
antral-duodenal relationship in both the interdigestive : and 
digestive. states. The number and amplitude of contractions 
on both the antrum and duodenum (as reflected by a mo- 
tility index) were not changed . from control by the various 
stimulants. Tlie one exception was that histamine markedly 
stimulated the duodenal contractile activity. In the truncal 
vagotomy conditión, there was, a total disruption of the 
antral-duodenal relationship in the interdigestive. and diges- 
tive states. There was a significant decrease in the number 
and amplitude of contractions occurring on the antrum dur- 
ing the interdigestive and after insulin stimulation. Food was 
ineffective in stimulating the antruni in 2 of 3 dogs. In 
contrast, motor activity of the duodenum was minimally in- 
fluenced by truncal vagotomy. In conclusion, parietal cell 
vagotomy has minimal disruptive effects on the antral- 
duodenal relationship while truncal vagotomy reduces antral 
pontiac activity. 


HE SURGICAL TREATMENT of duodenal ulcer disease 

by truncal vagotomy and antrectomy or pyloro- 
plasty as well as by complete selective vagotomy results 
in a significant number of side effects. Post vagotomy 
diarrhea, gastric retention, and dumping are related to 
alterations in motility of the stomach and intestine. In an 
attempt to eliminate the undesirable side effects of ulcer 
operations, Griffith and Harkins® in 1957 originated the 


‘idea of selectively denervating the parietal cell mass 


a 


while preserving innervation of the antrum. The ra- 
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tionale behind this procedure was to reduce the vagal 
influence on acid secretion and maintain normal gastric 
emptying. In addition, this type of vagotomy would 
theoretically eliminate the side effects inherent tq, com- 
plete vagotomy.: 9,12 Secretion studies have shown that 
this procedure is successful in reducing acid output. tH 
The stomach-small bowel motor parameters, however, 
have not been reported after parietal cell vagotomy. 

It was the purpose of this investigation to determine 
the effect of parietal cell (PCV) and truncal vagotomy 
(TV) on the motor function of the stomach and duo- 
denum in dogs. The effect of these procedures was 
studied in the fasted and fed states as well as under the 
influence of insulin, bethanechol and histamine. 


Methods 
Animal Preparation 


Extraluminal strain gage transducers were , chronically 
implanted in seven healthy, male dogs of mixed breed 
weighing 10-12 kg. The procedure was performed using 
aseptic surgical conditions. The animals were anesthe- 
tized with sodium pentobarbital (30 mg/kg iv). The 
technique of constructing and implanting the transducers 
has previously been described.‘ Briefly, the transducers 
are 14 x 7 mm, silicone coated, foil strain gages. The 
units and lead wires are led subcutaneously from a stab 
wound between the scapulae to the left lateral ab- 
dominal wall and then directly into the abdominal 

cavity. The units are sewn on to the serosal surface of 
the organ to be studied. Five transducers were implanted 
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in the transverse axis to record circular smooth muscle 
activity. Three units were placed on the gastric and two 
on the duodenal smooth muscle. The body transducer 
was 10-12 cm, while the antral transducers were 6-8 cm 
and 2—4 cm orad to the gastroduodenal junction. The two 
units on the duodenum were approximately 2-4 cm and 
4-6 cm caudad to the gastroduodenal junction. 

The surgical technique for selective parietal cell vagot- 
omy (PCV) has previously been described. The antral- 
parietal cell mass boarder was determined using the 
: congo red dye technique.* A fiber optic gastroscope was 
used to delineate the black stained parietal cell area 
from the red colored gastric antrum. Nerve fibers to the 
antrum were carefully preserved while vagal branches 
to the parietal cell mass were transected. This was 
accomplished by dissecting along the lesser curvature of 
the stomach and circumiferentially just below the gastro- 
esophageal junction. 

Transthoracic vagotomy ( TV) was performed by re- 
moving at least 2 cm of the anterior and posterior vagal 
trunks and all communicating branches through the left, 
eighth -intercostal space. Histological confirmation of 
nerve tissue was obtained. 

The dogs were housed in a constant temperature 
environment with 12 hours light and 12 hours darkness 
per day. They had access to water ad libitum and were 
routinely fed between 3 and 5 PM daily. Experiments 
were performed on the unanesthetized dogs at least 10 
days postoperatively. 


Experimental Procedure 


Contractile activity was measured in the interdigestive 
and. digestive states.* Briefly, the interdigestive state is 
that recorded 20 hours after the last meal and charac- 
teristically consists of periods of alternate basal and burst 
activity on both the antrum and duodenum. The basal 
period is low contractile activity lasting approximately 
1% hours. The burst period lasts approximately 15 min- 
utes and consists of a series of contractions of greater 
force (for example see Fig. 1), The digestive state was 
obtained by feeding 200 gms of canned dog food (Vets, 
Perk Food Co., Chicago, Ill.) and consists of continuous 
contractile activity (4.5/min.) on the antrum and a 
series of contractions of variable amplitude on the duo- 
denum (Fig. 4). In addition, patterns were recorded 
after the administration of regular insulin 0.5 u/kg iv 
(Iletin8, Lilly), histamine phosphate (40 ug/kg sc cal- 
culated as base) and bethanechol chloride 0.1 mg/kg sc 
(Urecholine®, MSD). Thus, the stimulants to gastro- 
intestinal smooth muscle included a centrally acting drug 
(insulin), a drug acting directly at the smooth muscle 
cells (histamine) and a drug acting at the postganglionic 
parasympathetic muscarinic receptors ( bethanechol). All 
drugs were administered to the dogs in the interdigestive 
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state during a basal period immediately following a burst 

Two dogs were studied under three conditions—con. 
trol, parietal cell vagotomy and truncal vagotomy— 
which were performed in sequence. The second entry 
into the peritoneal cavity made it difficult to insure 
complete denervation of the parietal cell mass. Conse 
quently, two additional dogs were used for contro! 
studies only while another three dogs underwent parietal 
cell vagotomy followed by truncal vagotomy. 


Data Analysis 
Contractile activity for gastric and duodenal smooth 
muscle was quantified using the modified motility index 


method. In this system.amplitudes of contraction are 
arbitrarily divided into four levels: 5-10, 10-20, 90-40 


. and 40-80 gm force. The number of contractions at each 


level were counted for a 5-minute period and multipliec 
by an arbitrary value proportional to the force range 
These values were 5-10 = 1, 10-20 = 2, 20-40 = 4, and 
40-80 = 8. These values were summed and expressed 
as motility index. The five-minute periods analyzed were 
selected from a portion.of the peak response occurring 
within the first hour after administration of the drug 
or food. Interdigestive patterns were analyzed for a five 
minute period during the characteristic basal and burst 
periods. Analysis was done for all three conditions (con- 
trol, parietal cell vagotomy and truncal vagotomy). 

The motility indices for antral and duodenal. smooth 
muscle were analyzed separately comparing mean values 
for the three surgical conditions within any particular 
treatment (drug, interdigestive basal, burst or food) by 
means of an F test. A Duncan's Multiple Range Test 
(0.05 level) was used to compare individual differences 
between surgical conditions regardless of the significance 
of the F value." 


Results 
Interdigestive State 


Two distinct contractile patterns are ptesent in this 
state. The periodic bursts of activity are shown in the 
control pattern (Fig. 1). In the intact or control condi- 
tion, body and antral activity is associated with recip- 
rocal duodenal inhibition (a part, Fig. 1). This re- 
ciprocal inhibition was less prominent in the animals 
with parietal cell vagotomy (PCV, Fig. 1A). Although 
both the stomach and duodenum would demonstrate 
periodic burst activity, these were not always related 
as in control responses. Occasionally, two of the dogs 
demonstrated a stomach-duodenal reciprocal relationship 
(Fig. IB). It should be noted that body activity was 
present in animals with PCV (Fig. 1B). Animals with a 
truncal vagotomy (TV) possessed very little body or 
antral activity although the duodenum still contracted 
( Fig. 1). . 
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1. Canine gastric 
and duodenal circular 
smooth muscle contrac- 
tile activity in the inter- 
digestive state. Studies 
were done in three con- 
ditions: control, rarietal 
cell and truncal vagot- 
omy. In the contrcl con- 
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The motility index measurement indicates that the 
basal state is unaffected by PCV or TV on either the 
antrum or duodenum (Figs. 2, 3). The two vagotomy 
procedures had no affect on the burst activity of the 
duodenum, but TV significantly reduced antral burst 
activity. 


Digestive State 


The body, antral and duodenal patterns in this state 

. are demonstrated in Fig. 4. In the PCV condition, the 
< continuous antral activity was still present but the char- 
acteristic duodenal pattern was altered. The latter organ 
demonstrated quiescent, “short burst” type activity. In 
the truncal condition, animals generated a low con- 
tinuous antral activity, while duodenal activity was 
similar to that of animals with PCV. The quantification 
of the antral and duodenal data after PCV or TV was 
not significantly different from the control (Figs. 2, 3). 
The lack of significance of the motility indices for the 
antrum of dogs with TV resulted from the high vari- 
ability among three animals. While two dogs exhibited 
a low response to food, one animal showed a high antral 
activity. The variable response is exemplified by the 
large standard error. 


Insulin 


The response to insulin is shown in Fig. 5. The control 
pattern was one of continuous body and antral activity 
with interrupted duodenal activity. Animals with PCV 
had a decreased body response and a slight but not 
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significant, decrease in antral response. In contrast, fol- 
lowing TV, the. body and antrum did not respond to 
insulin (Fig. 5). This response was significantly lower 
than control (F value = 6.76 Fig. 2). Insulin *by iv 
injection stimulated the duodenum in animals with either 
PCV or TV (Fig. 5). This stimulation lasted from one 
to five minutes. The trend of the stimulatory effect can 
be seen in the motility index data (Fig. 3). 


Bethanechol and. Histamine 


These drugs were included as direct smooth muscle 
stimulants. The antrum responded in a similar manner 
regardless of the surgical condition (Fig. 2). The duo- 
denal response to bethanechol was similar to control in 
both types of vagotomies. In contrast, the histamine 
stimulated the duodenum of animals with the PCV to 
a significantly higher level of activity than the control 
(F value — 3.22, Fig. 3). 


Clinical Status 


Implantation of extraluminal strain gage transducers 
does not affect the clinical state of the animal. After 
PCV no changes in weight occurred and the animals 
were maintained on dry dog food. After TV, ànimals 


were unable to tolerate solid food and tended to become 
dehydrated. 


Discussion 


Surgical intervention in ulcer disease has as its major 
goals to.-decrease the acid secretion of the stomach 
= a 
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Fic. 2. Motility index (mean + SEM) for the antrum following 
control, parietal cell or truncal vagotomy. N indicates the number 
of replications under each condition. The Duncan's multiple 
range test (p > .05) indicates significance among the three con- 
ditions for each treatment. Conditions underscored by the same 
line are not significantly different. 


while causing minimal disruption to the normal gastric 
motor parameters and gastric emptying. Parietal cell 
(PCV) and truncal vagotomy (TV) have been shown 
to decrease acid secretion.” Our study evaluates the 
relative disruptions in motor parameters occurring after 
each procedure. The qualitative and quantitative 
changes in circular smooth muscle contractile activity 
of the antral-duodenal area after each procedure was 
D compared with control patterns under the influence of 
physiologic and pharmacologic stimulants. Extraluminal 
strain gages were used which have no influence on the 
flow of luminal contents? These units allow chronic 
monitoring of contractile activity in animals maintained 
in the healthy state. 

In the dog, the contractile activity of the antrum and 
duodenum in the interdigestive or fasted state is char- 
acterized by long periods of quiescence (basal) inter- 
rupted by shorter periods of high contractile activity 
(burst).5 During the burst periods, the antral and duo- 
denal contractile activity maintain a consistent relation- 
ship ie., high antral activity is associated with periods 
of duodenal inhibition. Both vagotomy procedures were 
found to disrupt the normal relationship. TV caused 
complete disruption; antral activity was significantly 
feduced and duodenal contractions were uncharacteris- 
tically periodic. After PCV, however, no significant de- 
crease occurred in the force parameters for either the 
antrum or duodenum and a more "normal" pattern re- 
sulted. Presently, the basal burst sequence and the 
antral-duodenal contractile relationship occurring during 
the fasted state have an unknown function. They may 
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provide an indication of the state of the normal con- 
tractile regulatory mechanisms in the antral-duodenal 
area. It appears that the intact vagus is necessary to 


maintain this normal regulation. By these criteria, PCV 


is minimally disruptive to the physiologic regulatory 
mechanisms controlling the antral-duodenal motility in 
the interdigestive or fasted state. 

In the digestive state, solid food initiates continuous 
antral contactions and a related intermittent duodenal 
activity. In addition, the electrical counterpart to the 
coordinated antral duodenal reciprocal relationship oc- 
curs after food.?1* In general, after food, PCV does not 
markedly alter the antral duodenal relationship or the 
amplitude of contractions in either area. After TV, food 
did not initiate antral activity in two out of three dogs. 
However, there were no significant changes in mean 
control motility index scores after TV since the indices 
were dominated by one dog having high antral con- 
tractile activity. We have no explanation for the presence 
of continuous high antral activity in a dog with a proven 
(negative insulin response and histological examination 
of nerve sections) total vagotomy. Following TV the 
reduced antral activity could delay emptying of solid 
food and may account for the morbid condition of 
the animals. In a separate study in our laboratory, we 
confirmed that TV delays emptying of solid food. 
When the antrum is quiet and the duodenum maintains 
activity, material will not enter the actively contracting 
organ. In contrast, emptying of liquids are not affected 
by PCV or TV procedures.9!* Apparently, gastric 
emptying of liquids is controlled by duodenal receptor 
mechanisms whereas other factors, including vagal in- 
nervation of the antrum, are required for emptying of 
solids. 


CzCONTROL 
PCV=PARIETAL CELL. VAGOTOMY 
TV=TRUNCAL VAGOTOMY 
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Fic. 3. Motility index (mean + SEM) for the duodenum following 
control, parietal cell or truncal vagotomy. Legend as in Fig.*2. 
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Fic. 4. Canine gastric 
and  duodenal circular 
smooth muscle contract- 
ile activity during the 
digestive state. Studies 
were perforned under 
three conditions: control, 
parietal cell and truncal 
vagotomy. In the control 
condition, note the con- 
tinuous body and antral 
activity and the coordi- 
nated intermittent duo- 
denal activity. After 
PCV, antral pump mech- 
anisms are maintained 
while the reflex duodenal 
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activity is changed. TV ANTRUM 
markedly reduced antral 
activity with minimum DXODEROM 


effects on the number 
and amplitude of duo- 
denal contractions (see 
Fig. 3 for quantification 
of data). 


Truncal vagotomy has been shown to eliminate recep- 
tive relaxation of the stomach through the elimination 
of a vago-vagal gastric reflex.11° Presumably, PCV also 
eliminates this reflex. A loss in reservoir capacity usually 


leads to an increase in gastric emptying.191* With TV, . 


however, the antral denervation severely reduces the 
contractile force and therefore destroys the antral pump 
characteristics. After PCV, the antral pump was pre- 
served. The results suggest that whereas the reduced 
reservoir capacity can increase gastric emptying, the 
effect can be counteracted by denervation of the entrum 
with consequent loss of the antral pump. This is con- 
sistent with the clinical impression that the animals 
with TV could not empty solid food but could tolerate 
liquids. Liquid meals do not require a strong antral 
pump and can be emptied effectively after TV.1° 
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The three drugs, insulin, bethanechol and histamine 
were used to challenge the various surgical procedures. 
Insulin normally stimulates antral and duodenal con- 
tractile activity through a central mechanism. PCV did 
not alter the insulin response on the antral or duodenal 
contractility. As. expected, TV totally eliminated the 
stimulation elicited by insulin on the stomach. However, 
the duodenum was markedly stimulated after injection 
of insulin. There are several possible mechanisms for 
this effect: 1) insulin may have a direct action on the 
small bowel or 2) cholinergic duodenal fibers may arise 
from the spinal cord or the celiac ganglia which may be* 
stimulated by insulin. 

The direct smooth muscle stimulating effects of beth- 
anechol and histamine were not altered by either pro- 
cedure except that histamine did have a markedly 
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Fig. 1. 
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greater effect on duodenal contractile activity in animals 
with PCV. Thesé results might be explained by the 
increased gastric emptying which should follow a reduc- 
tion in reservoir capacity and retention of the antral 
pump mechanism after PCV. Acid secreted as a result 
of histamine administration might be allowed premature 
entrance to the duodenum. Acid instilled into the duo- 
denum can stimulate motility." 
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Bacteriology of the Stomach Immediately Following Vagotomy: 


The Growth of Candida Albicans 


JOHN R. BROOKS, M.D., HENRY F. SMITH, M.D., FRANCIS B. PEASE, JR., M.D. 


With the rise in pH of gastric juice that results from vagot- 
omy, there is a high incidence of intraluminal gastric Can- 
dida albicans overgrowth in the immediate postoperative 
period. There appears to be no clear cut correlation between 
gastric Candida overgrowth and the post-vagotomy diarrhea 
syndrome. Myeostatm has not had a significant affect upon 
this diarrhea. 


HE BACTERIAL FINDINGS in the G.I. tract in health and 
disease have been well documented in the litera- 
ture." A study of the gastric microorganisms following 
vagotomy has not been as well documented. Such is the 
purpose of this study. In the course of carrying out 
vagotomy and pyloroplasty for duodenal ulcer disease 
at the Peter Bent Brigham Hospital in Boston, there has 
. been an opportunity to procure an intraoperative culture 
of the contents of the gastric antrum at the time of 
pyloroplasty and then, due to the almost routine use 
of gastrostomy, a postoperative culture may be obtained 
directly from the stomach antrum through a gastrostomy 
tube. By taking cultures in this way, the trauma of pass- 
ing a Levin tube through the nose and pharynx is obvi- 
ated. As a result, artifactual carrying of organisms into 
the stomach via the Levin tube is avoided. E 
Microorganisms in the stomach come in saliva from 
the nose; mouth and pharynx. The variety and number of 
organisms present in the stomach at any one time is a 
direct function of the stomach intra-luminal pH; rising 
with a high pH and lowering with a low pH. Drasar 
and others!? reported the following organisms to be 
found commonly in saliva: streptococci; Neiserria spe- 
cies; Fusobacteria species; Bacteriodes species; bifido- 
bacteria; lactobacilli; yeasts; enterobacteria and staphy- 
lococci, but they found no bacteria in the stomachs of 42 
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normal people whose gastric pH was below 3 although 
yeasts were found in 5 patients. As might be expected, 
eating causes an increase in the stomach flora arid this 
appears to persist for a period of approximately 4 hour. 
The longest survivors are the lactobacilli and yeasts. 

Franklin and Skoryna! frequently found microorga- 
nisms in the “normal” acid bearing stomach. They ac- 
cepted as positive for the stomach any culture with more, 
than 10? organisms/cc. With this criterion they found 
positive cultures in 82% of “normal” stomachs, but noted 
the cultures were sterile in patients with duodenal ulcer 
disease. When the gastric pH rose above 3, the following 
organisms were found in varying quantities. Frequently 
found were alpha-hemolytic Streptococci, Staphylococcus 
epidermidis and Streptococcus salivarius; lactobacilli; 
yeasts; Micrococcus species; Neisseria species and Co- 
rynebacterium species. Sporadically found were Staphy- 
lococcus aureus, Streptococcus pyogenes; Fusobacteria 
species; Bacteriodes species; enterococci and others. Al- 
though gastric juice was characteristically sterile in pa- 
tients with duodenal ulcer, bacteria were often found in 
patients with gastric ulcer. This is presumably due to the 
fact that the gastric pH is usually higher in patients with 
gastric ulcer than in patients with duodenal ulcer 
disease. 


Materials and Methods 


The Clinical protocol was set up specifically as a short 
term investigation of the gastric microorganism flora. 
Gastric cultures were taken at the time of pyloroplasty 
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from the gastric antrum in 63 patients undergoing 
vagotomy and pyloroplasty for duodenal ulcer disease. 
All cultures were placed on horse blood agar both for 
aerobic and anaerobic (Fortner) culture. Ag3,!° Hay- 
flicks,1> and U9 media were used for mycoplasma. 
Sabouraud-Dextrose medium was used for yeasts and 
then 5-sugar-fermentation carried out. Rice agar (Tween- 
80) was used for chlamyospore; and molybdate agar for 
further identification. Biochemical testing was used for 
identification of gram negative organisms; and the man- 
nitol and coagulase test for staphylococcus aureus. 

Ten to.14 days postoperatively just prior to removal of 
the gastrostomy tube, another culture was taken of the 
aspirate through the tube. Once the gastrostomy tube 
was removed, no further gastric cultures were taken. 
Aspiration of the stomach by Levin tube in the late 
postoperative period would have introduced new and 
different factors into gastric sampling (due to direct 
contact with nose and throat) and has not been done. 
At no time were fluids introduced into the gastrostomy 
tube. - 3 

In many instances nasal cultures were obtained; in 
several cases stool cultures were also obtained. In 3 cases 
Candida serum titers were studied. Antibiotics were not 
used in these patients. 


: Results 


There was a total of 71 patients studied (44 males and 
27 females). Of these, 63 had intraoperative and 50 had 
post-operative cultures. (Table 1). . 


Intraoperative Cultures 


In 43 of these cases (69%) the intraoperative cultures 
were sterile. In 20 of these cases (31%) microorganisms 
were encountered. The specific microorganisms encoun- 
tered are shown in Table 2. In 18 of the 20 intraoperative 
cases showing a positive culture, alpha-hemolytic Strepto- 
cocci were found. In 5 of these positive 20 cases, Candida 
species were also encountered (25% of positive culture 
cases or 8% (5 of 63) of all intraoperative cultures). 
Three patients showed Neisseria species and there was a 
scattering of other organisms in this pre-vagotomy group 
of patients. 


Pre-vagotomy and Post-vagotomy Gastric Cultures 


TABLE 1. 
Micro- Micro- Candida 
: | < organisms organisms Species . 
Total Present Not Present Present 
Patients No. Cases No. Cases No. Cases 
Cultures 
Intraoperatively 63 20 (31%)* 43 (69%)* 5/63 ( 8%)* 
Cultures . 
Postoperatively 50 48 (96%)* 2( 4%)* 39/50 (80%)* 


* P Value <.001 
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TABLE 2. Microorganisms Found 
l Intraoperative Postoperative 
Microorganism Cultures Cultures 

Alpha-hemolytic Streptococcus 18 12 
Beta-hemolytic Streptococcus 0 3 
Citrobacter 1 3 
Candida Species 5 39 

1. Albicans 3 31 

2. Krusei Í 4 

3. Parapsilosis 1 2 

4. Tropicalis 0 1 

3. Torulopsis glabreta 0 1 
D, pneumoniae 3 5 
Diphtheroids 3 16 
Escherichia Coli 0 4 
Herellea vaginicola 1 0 
Klebsiella Group = 6 
Lactobacillus 2 12 
Mycoplasma 1 8 
. 1. Pharyngis 1 3 

2. Salivarius 0 5-7 
Micrococcus 1 1 
Neisseria species 3 3 
Pseudomonas Aeruginosa 1 4 
Staphylococcus Aureus 1 5 
Staphylococcus epidermidis 11 10 


Postoperative Cultures 


In the postoperative period 48 ee 50 patients cultured 
showed growth of organisms (96%) (Table 1), and of 
these 48 patients with positive cultures, 39 (80%) showed 
growth of Candida species. Two patients had sterile 
cultures postoperatively. The positive postoperative cul- 
tures were equally distributed between males and. fe- 
males. Other common bacteria found in the stomachs 
of these postoperative patients were alpha-hemolytic 
Streptococci; mycoplasma; S. epidermidis; lactobacillus; 
diphtheroids; Klebsiella. Table 2 shows the bacteria 
encountered postoperatively and their frequency oc- 
currence. 

Forty-three patients had both intraoperative and Sod 
operative cultures taken (Table 3). In the latter group, 
29 patients had positive cultures only postoperatively, 
while 14 had positive cultures both intraoperatively and 
postoperatively (Table 3). Alpha-hemolytic streptococci 
were common organisms found at operation (18 of 63 
cases) and postoperatively (12 of 50 cases). S. epidermi- 
dis was also noted at operation (11 of 63 cases) and post- 
operatively (10 of 50 cases). 

Both lactobacillus and diphtheroids were encountered 


Patients Studied Both Preoperatively and Postoperatively 





TABLE 3. 
Total Cultured 43 
Number with microorganisms present intra-op. : 
& post-op. 14 (32%)* 
Number with microorganisms present only 
postoperatively 29 (68%)* 


* P Value «0.005 
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more commonly postoperatively than intraoperatively, 
apparently reacting more like Candida species than other 
microorganisms (Table 2). 

There appeared to be no particular intraoperative 
bacteriological Snding that was associated with a higher 
incidence of Candida albicans growth postoperatively. 
Candida albicans was found in the postoperative stom- 
ach just as often in patients with a negative intra- 
operative culture as otherwise. 

All patients with positive cultures intraoperatively 
were found to have positive cultures postoperatively but 
the variety and number of organisms increased (see 
Table 2). Candida albicans, found commonly post- 
operatively, was rarely found in the stomach of those 
patients with positive intraoperative cultures. Myco- 
plasma species, found in only one intraoperative culture, 
was found postoperatively in 8 instances. 

There was a significant statistical difference between 
these groups. In Table 3 comparing the group cultured 
both preoperatively and postoperatively, the p value 
was «0.005. In Table 1 comparing. the incidence of posi- 
tive gastric culture and Candida species growth in the 
postoperative patient with the incidence of positive 
gastric culture and Candida growth in the preoperative 
patient, the p value was <0.001. | 


Discussion 


It was noted earlier! when simple supradiaphragmatic 
vagotomy was being performed that there was striking 
mal-odor of gastric contents of the stomach if the stom- 
ach emptied poorly and that diarrhea was often found 
concomitantly with partial pyloric obstruction. In that 
study of the gastric secretion of a large number of normal 
individuals, ulcer patients and patients following va- 
gotomy, pH measurements were obtained (Table 4) as 
well as the volume output, and chloride ion output (3). 
The mean fasting basal pH value for normal individuals 
was 1.9 (+ 1.0); for ulcer patients, 1.46 (+ 0.7); and 
for vagotomized ulcer patients, 3.7 (+ 1.7). This sig- 
nificant rise in pH above 3 in vagotomized patients 
correlates well with the bacterial proliferation noted 
within the stomach in the post-operative state. _ 

Our original interest in studying the bacteriology of 
the stomach was stimulated by the thought that possibly 
the transient diarrhea that often follows vagotomy??? 
might be due to an increase in the number of micro- 


TABLE 4. The pH of Gastric Secretion 
Males Females Entire Group 
PH Pre-vagotomy | 
1. Normals 1.7 (+ 0.6) 2.4 (+ 1.7) | 1.9 (a 1.0) 
2. Ulcer pts. 1.5 (+ 0.79) | 1.4(2-: 0.28) 1.46 (+ 0.7) 
— 3.7 (+: 1.7) 


pH Post-vagotomy — 
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organisms in the stomach and gastrointestinal tract fol- 
lowing vagotomy. However, only occasionally have anti- 
biotics such as Neomycin been beneficial in the treatment 
of post-vagotomy diarrhea. It has also recently been 
shown with barium studies that the intestinal transit time 
is decreased, not increased, following vagotomy.’’ In 
fact the "diarrhea" that follows vagotomy is usually not 
associated with large fluid outputs but rather with 
isolated explosive formed stools. 

Dragstedt'? in 1966 stated that the reduction in acid 
and the stasis produced by vagotomy resulted in a greater 
predisposition to food-containing infection and thus 
diarrhea in patients who had undergone vagotomy than 
in the case of the non-vagotomized individual with 
normal gastric acid levels. Dellipiani and Girdwood’? 
found diarrhea more common after vagotomy and gastro- 
enterostomy than after partial gastrectomy but reported 
similar gastric and jejunal flora in both groups of pa- 
tients, and thereby concluded that bacteria were not the 
important factor in the diarrhea. Studying thé bacteri- 
ology of the post-gastrectomy stomach these authors 
found Escherichia species, Proteus species, Citrobacter, 
Streptococcus fecalis, Klebsizlla group and Cl. welchii. 
They did not feel that the diarrhea following gastrectomy 
was related to bacterial overgrowth. They found that 
both a Bilroth II type of gastrectomy and a gastro- 
enterostomy with vagotomy. showed bacterial over- 
growth. In their patients with duodenal ulcer dis@ase the 
gastric juice was sterile. However, gastric juice samples 
from 11 of 27 patients with gastric ulcer contained viable 
organisms. Barnes and Cox! found no correlation be- 
tween G.I. symptoms and abnormal gastro-intestinal flora 
but Browning et al? measured unspecified "fecal type 
organisms" in the jejunostomy limbs of Kay's gastrostomy 
tubes in the immediate postoperative period and sug- 
gested that bacterial colonization might be a factor. 
Sherwood?! cultured both stomach and jejunum after 
vagotomy and found Escherichia; Citrobacter and Strep- 
tococcus fecalis. Those patients with achlorhydria had 
higher bacterial levels. Franklin and Skoryna’* found 
yeasts in 352 of "normal" gastric aspirates but these 
organisms predominated in only 3 of 127 cultures and 
in only 1 case was yeast the sole growth. Yeasts were 
found to grow more commonly at higher pH levels. 

Wirtz and Goldstein?? studying the mechanism of 
post-gastrectomy steatorrhea noted that steatorrhea was 
minimal or absent in the stools of patients whose gastro- 
duodenal continuity was maintained as in operations, of 
the Bilroth I type. Patients with postoperative steator- 
rhea tended to be those with longer afferent limbs. The 
afferent loop fluid pH was always above 6. They found 
that the differences in quantitative bacterial growth seen 
by.comparing the median counts of groups with and 
Ww ithout post-gastrectomy steatorrhea were statistically sig- 
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nificant. However, among the patients with steatorrhea 
the severity of steatorrhea did not correlate closely with 
the degree of bacterial proliferation in the afferent loop. 
Qualitative differences also were noted: those with 
steatorrhea often had a colonic type of flora whereas in 
the nonsteatorrhea group, alpha-hemolytic Streptococci 
predominated. 

The presence of Candida albicans in a very large per- 
centage of the stomachs of post-vagotomy patients re- 
ported herein is a new finding.' Isenberg!9 in in vitro 
studies found that most enteric bacteria either stimulate 
or inhibit the growth of Candida albicans and that the 
success of Candida as an inhabitant of the G.I. tract 
depended upon the particular equilibrium of all of the 
microorganisms normally present. Obviously, this equi- 
librium can be upset by antibiotics (or vagotomy). 
Candida albicans has been found in the stools of patients 
with pernicious anemia and sprue, and in the stomachs 
of those with achlorhydria and carcinoma.”:®*:18 In adults 


it is found with predisposing factors such as following. 


antibiotic therapy, in diabetés, malignancy and steroid 
therapy. However, whether there is any correlaiton be- 
tween the presence of Candida in the stomach and the 
development of diarrhea is open to question. 

Diarrhea due to G.I. Candidiasis has been well docu- 
mented* but in order to distinguish non-pathogenic spe- 
cies of Candida from those.that are pathogenic, it has 
been suggested that the presence of mycelia be looked 
for on direct microscopic smear. Several of the patients 
in this series did have Candida albicans organisms in the 
stools, but there still appears to be no true correlation 
between this finding and the transient diarrhea that 
occurs in some 10% of patients following vagotomy. In 
none of these cases did systemic Candidiasis occur. Our 
experience with oral mycostatin therapy in several pa- 
tients who had diarrhea and gastric candidiasis was non- 
conclusive, some patients improving, others not. 
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General Surgery in Patients 


A review of the experience with 66 patients on chronic 
hemodialysis who underwent 67 major surgical procedures is 
presented. There were 58 general surgical procedures, and 
nine major cardiovascular procedures including four emer- 
gency cardiac valve replacements. The preoperative, intra- 
operative and postoperative management of these patients is 
discussed as well as the morbidity and mortality encountered. 
It is concluded that patients on well-managed chronic dialysis 
will tolerate minor and major surgery well and renal failure 
should no longer be regarded as a relative contraindication 
for appropriate elective or emergency surgery. 


AINTENANCE HEMODIALYSIS has become an accepted 
M method of treatment for patients with chronic 
renal failure. The recently established National Dialysis 
Registry lists moré than 5,000 patients being kept alive 
with the aid of the artificial kidney in the United States.? 
With the prolongation of life achieved by these means, 
many of these patients present with the usual surgical 
and medical prcblems typical of their age group and 
unrelated directly to their renal failure. This report is a 
review of our experience with 67 surgical procedures in 
66 patients on maintenance dialysis. Kidney transplanta- 
tion and transplent related surgical procedures are not 


included. 
Materials and Methods 


Fifty-eight general surgical procedures and nine major 
cardiovascular procedures were performed in 67 patients 
with terminal renal failure. They study covers the over- 
all experience at The Mount Sinai Hospital in New York 
and The Mount Sinai Hospital Services at the City 
Hospital at Elmhurst in Queens during the period 1967 
to 1973. All hospital records of patients on maintenance 
hemodialysis for irreversible chronic renal failure were 





Submitted for publication June 13, 1973. 
Presented before the New York Surgical Society, April 11th, 
1973. 


on Maintenance Hemodialysis 


M. HAIMOV, M.D., S. GLABMAN, M.D., F. SCHUPAK, M.D., 
M. NEFF, M.D., L. BURROWS, M.D. 


From the Departments of Surgery and Medicine, the 
Mount Sinai School of Medicine of the 
City University of New York, New York, New York 


reviewed both before and after a surgical procedure. 
The patients were evaluated as to preoperative prepara- 
tion, intraoperative management and the development 
of postoperative complications. 


Results 


The patients’ age ranged between 26 and 62;"various 
degrees of hypertension with associated cardiomegaly 
documented by chest x-ray and electrocardiographic 
changes were present in the majority of these patients. 
Their hematocrits ranged between 14% and 332. with a 
mean of 24%; electrolyte, acid-base abnormalities and 
congestive heart failure when present were corrected 
preoperatively by intensified hemodialysis. 


Anesthesia 


General inhalation anesthesia was used in all cases 
with the exception of the three ophthalmic cases and one 
hernia operation, which were done under local infiltra- 
tion anesthesia. Halothane, or nitrous oxide combination 
with small doses of curare, were the anesthetics most 
widely used. Neither the duration of anesthesia, nor the 
particular agent used for anesthesia appeared to influ- 
ence the postoperative course. 


General Surgery Procedures 


The general surgical procedures, morbidity and mor- 
tality, are outlined in Table 1. There were 19 irguinal 
herniorrhaphies; 11 parathyroidectomies for secondary 
hyperparathyroidism, four major leg amputations; 16 
bilateral nephrectomies; six oid procedures for 
fracture stabilization; four gastric surgical procedures 
for massive upper gastrointestinal bleeding; two colon 
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TABLE 1. 

Type of Surgery No. of Pts. 
Inguinal Herniorrhaphy 10 
Parathyroidectomy 11 
(total or subtotal) 
Major Limb Amputations 4 
Bilateral Nephrectomy 16 
Orthopedic Surgery 5 
(hip nailing, bone grafts) 
Gastric surgery for massive U.G.I. bleeding 4 
Prostatectomy 1 
Orchiectomy 1 
Colon Resection 2 
Ophthalmic Surgery 3 
Appendectomy 1 


resections for malignancies; one prostatectomy; one 
orchiectomy; one appendectomy and three ophthalmic 
surgical procedures. There were four deaths in this 
group. One patient died following below-knee amputa- 
tion for wet gangrene and generalized sepsis, and three 
patients died following emergency gastric surgery for 
massive gastrointestinal bleeding. Excessive oozing and 
tendency to hematoma formation were relatively com- 
mon during surgery or during the postoperative course. 
However, with the exception of the patients operated 
for massive upper gastrointestinal bleeding, this bleed- 
ing tendency rarely posed serious threats to the patient's 
"ife or well-being. One patient developed rapid atrial 
fibrillation and shock following inguinal herniorrhaphy 
and the causative factor could be traced to uncorrected 
hyperkalemia prior to surgery. Respiratory paralysis 
necessitating 24 hour endotracheal intubation occurred 
in one patient following hip nailing due to an excessive 
dose of muscle: relaxant. Thrombosis of the arterio- 
venous fistula used for hemodialysis occurred in six 
patients postoperatively requiring fistula revision and 
thrombectomy. Infectious problems were uncommon. 
Two patients developed subcutaneous infections, one 
following parathyroidectomy and one following hip nail- 
ing. A third patient developed infection of an amputa- 
tion stump which led to generalized sepsis and death. 

The cardiovascular and thoracic surgery procedures, 
morbidity and mortality, are outlined in Table 2. There 
were three aortic valve replacements and one double 
valve replacement, all done as an emergency procedure 
in patients developing severe aortic insufficiency due to 
valve destruction secondary to staphylococcal acute bac- 
terial endocarditis. One of these patients expired on the 
26th postoperative day due to cerebro-vascular accident 
(excessive bleeding characterized the whole postopera- 
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Morbidity Mortality 

Upper G.I. bleeding (1) mild 

Acute atrial fibrillation and shock (1) 

Clotted A-V fistula (1) None 

Wound infection (1) 

Excessive oozing (1) 

Significant wound hematoma (1) None 

Generalized sepsis (1) 1 

A-V fistula thrombosis (5) 

Wound hematoma (1) None 

Wound infection (1) 

Respiratory paralysis for 24 hours (1) None 

Recurrent bleeding (3) 

Pneumonia, respiratory failure (1) 3 
None 
None 
None 

Hemostasis (1) 

Superficial retinal hemorrhage (1) None 
None 


tive course of this patient). A second patient expired 
shortly after surgery because of irreversible myocardial 
insufficiency. One is still alive now three years after 
the valve replacement while the second one died seven 
months later of pericarditis when a cardiac tamponade 
developed after anticoagulation during hemodialysis. 
There were four major vascular procedures and one 
patient underwent pericardiectomy. All these patients 
recovered and had no postoperative complications. 


Discussion 


The experience outlined suggests that patients on 
chronic dialysis are acceptable surgical and anesthetic 
risks provided careful preoperative, intraoperative and 
postoperative precautions are taken. Abnormalities asso- 
ciated with the uremic state are outlined in Table 3. 
These patients have profound changes affecting the 
metabolism of protein,*?? carbohydrates)? sodium, po- 
tassium, calcium!? and acid-base balance.?9.25 

In addition, serious cardiovascular, ??!9 neurologic,?:?6 
hematologic97* and gastrointestinal disturbances?? may 
also be present. Although most of these abnormalities 
are corrected by hemodialysis, the patient lives in a state 
of dynamic equilibrium which should be constantly 
borne in mind. Careful preoperative management and 
evaluation are required (Table 4). Hemodialysis should 
be done within 24 hours of the time of surgery. Any 
degree of congestive heart failure, hyperkalemia or acid- 
base abnormalities should be corrected. Severe hyper: 
tension, when present, usually can be controlled with 
adequate ultrafiltration and sodium removal by the 
artificial kidney. Digitalis should be avoided if possible. 
The chronic anemia’ which is usually present in all of 
these patients need not be corrected, and blood trans- 
fusions are required only to compensate for blood loss. 
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. TABLE 2. Cardiovascular and Thoracic Surgery 


Case No. Diagnosis 


Type of Surgery Postoperative Course and Outcome 


ot 
7] 


Chronic renal failure (13)* 

Acute bacterial endocarditis (Staph) 
Constrictive pericarditis 

Acute aortic insufficiency 

Cardiac tamponade 

Chronic renal failure (7) 

Acute bacterial endocarditis (Staph) 
Acute aortic insufficiency 


Chronic renal failure (20) 

Acute Eacterial endocarditis 

Acute aortic insufficiency 

Chronic renal failure (9) 

Malignant hypertension 

Acute bacterial endocarditis (Staph) 
Acute aortic and mitral insufficiency 
Chronic renal failure (36) 
Abdominal aortic aneurysm 
Chronic renal failure (1) 

Renal artery stenosis 

Chronic renal failure (1) 

Renal artery stenosis 

Chronic renal failure (5) 

Iliac artery occlusion 

Chronic renal failure (4) 


Aortic valve replacement 
(Bjork-Shiley prosthesis) 


Aortic valve replacement 
(Bjork-Shiley prosthesis) 


Aortic valve replacement 
(Starr-Edwards prosthesis) 


Aortic valve replacement. 
(Bjork-Shiley prosthesis) 
Mitral valve replacement. 
(Starr-Edwards prosthesis) 
Aneurysm resection. 


Aorto-iliac bifurcation graft. 


Aorto-renal bypass 
(Dacron graft) 
Aorto-renal bypass 
(Dacron graft) 
Iliac-femoral bypass 
(Saphenous vein graft) 
Pericardiectomy. 


Chest tube bleeding. 
Hematemesis (mild). 
Recovered. 


Expired (26th postop. day). 
Excessive bleeding. 

G.I. bleeding. 
Cerebro-vascular accident. 
No postop. complications. 


Expired on the same day of surgery | 
from myocardial failure. 
No. complications. 
No complications. 
No complications. 
No complications. 


No complications. 


Recurrent pericardial effusion and tamponade 


* Number in brackets indicates months on dialysis at the time of surgery. 


1 Cases 5, 6 and 7 have been included in previous publication. 


Fresh frozen-thawed cells have been the preferred blood 
product. There is a lower risk of sensitizing the patients, 
many of whom are awaiting transplantation. Potassium 
administration :s less than in whole blood, and there 
is some evidence that the risk of transmitting hepatitis 
is significantly decreased.!* The use of prophylactic anti- 
biotics is not recommended. Any infection, if present, 
should be treated with appropriate antibiotics, in doses 
adjusted according to the mode of the drug excretion. 
In preoperative premedication, hypnotic drugs excreted 
primarily by the kidney should be avoided and relatively 
lower doses of narcotics are required as compared to 
those used in normal patients. Correct intraoperative 


management is vital (Table 5). No potassium containing 


solution should be used in fluid maintenance or replace- 


ment. Continuous electrocardiographic monitoring for 
possible cardiac arrhythmias and electrolyte abnormali- 
ties is essential as well as central venous pressure moni- 
toring to avoid overhydration. Intravenous fluids should 
be given at the rate of 20-30 cc per hour and measured 
losses should be replaced with appropriate electrolyte | 
solution or blood. Shunts or fistulas used for dialysis 
should be carefully protected by avoiding intravenous 
fluid administration in that arm, avoiding excessive pres- 
sure to the area during surgery and avoiding hypoten- 
sion or dehydration intraoperatively or postoperatively. 


TABLE 3. Abnormalities Associated with the Uremic State 


I Acid base balance 
II Electrolyte disturbances 


Metabolic Acidosis 
Hyperkalemia 
Hyponatremia 
Hyperphesphatemia 
Hypocalcemia 


Hypercalcemia 
Hypermagnesemia 
* IIT Impaired protein metabolism 
IV Impaired glucose tolerance 
V Defective immune responsiveness 
VI Hematologic abnormalities 
VII Cardiovascular/abnormalities 


Insulin resistance. 


(pH], [HCO yll). 
(Hypokalemia post-dialysis) 


(Sec. hyperparathyroidism, Vit. D. resistance, acidosis, 


decreased Ca++ absorbtion) 


Inability to handle protein degradation products, hyperuricemia. Š 


Anemia, impaired platelet function with bleeding tendency of varying severity. 
Congestive heart failure, cardiac arrhythmias, hypertension, diffuse vascular calcifications, 


uremic pericarditis, increased blood volume. 


VIII Neurologic 
IX Miscellaneous 


Altered cerebral function (convulsions), prolonged nerve conduction velocity. 
G.I. disturbances, G.I. bleeding, impaired drug metabolism, low cholinesterase level fol- 
lowing hemodialysis. 
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TABLE 4. Preoperative Management 


Preferably within 24 hours of surgery. Cor- 
rect congestive heart failure, hyperkalemia, 
acid-base disturbances. 

No correction required. 

Treat with appropriate antibiotics. Adjust 
dose according to mode of drug excretion. 
Avoid hypnotic drugs excreted primarily 
by the kidneys. Low doses of narcotics. 


I Dialysis 


Il Chronic anemia 
III Control infection 


IV Premedication: 


In patients with silastic cannula shunts "heparin lock" 
can be used to keep the shunt open during surgery. The 
exact cause for the excessive tendency to shunt and 
fistula thrombosis following surgery is not known, al- 
though it may be related to the hypercoaguable state 
which follows surgery in general?? Use of muscle re- 
laxants should be very cautious. Cholinesterase levels 
may be close to zero following dialysis and inactivation 
of some of these drugs may be very slow in patients with 
terminal renal failure. During surgery itself, meticulous 
hemostasis should be observed to avoid the hemorrhagic 
complications to which these patients are particularly 

rone to. There have been several studies implicating 
platelet functional deficiencies as the cause of this hemor- 
rhagic diathesis.97.?* 

Various degrees of anemia are seen in all patients on 
chronic hemodialysis. This anemia is probably related 
to sevgral factors, including depressed erythropoietin 
production, decreased red cell survival!" nutritional 
factors!? and a uremic toxic depression of the bone 
marrow.?? These patients are hemodynamically adjusted 
to function at these lower levels of hemoglobin. Any 
attempt to correct the anemia preoperatively may result 
in heart failure. Postoperatively, overhydration should be 
carefully avoided (Table 6). Hypertension during or 
immediately after operation is usually directly related 
to the infusion of excessive amounts of fluid. Serum 
potassium levels should be monitored by frequent 
chemical determinations. Hyperkalemia may develop 
very rapidly following surgery, especially so if blood 
transfusions were given. 

Various emergency means of treatment are available 
for hyperkalemia that every physician taking part in the 


TABLE 5. Intraoperative Management 

I Monitor EKG for possible arrhythmias and electrolyte ab- 

normalities. 
II Monitor CVP to avoid overhydration. 

No K+ containing solutions should be administered. 
Intravenous fluids—20-30 cc/hour and measured loss. Blood 
transfusions only if indicated by loss. Frozen-thawed cells 
to be used for transplant candidates to avoid sensitizations. 
V Protect shunt or fistula arm frcm excessive pressure. Heparin 
“lock” on shunt. 
Minimize use of muscle relaxants. 


VII Meticulous hemostasis. 
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TABLE 6. Postoperative Management 


I Avoid overhydration. 
II Monitor blooc K+ level by frequent determinations and 
EKG. 
Prophylactic antibiotics—not indicated. 
Hemodialysis as required (regional heparinization to be 
used immediately postoperatively). 
V Prevent metakolic acidosis by adding NaHCO; to I.V. fluids. 
Early ambulation. 
Retain skin su£ures 1 1/2 to 2 times usual. 
Control use of narcotics and sedatives. 


treatment of these patients should be familiar with 
( Table 7). These include the use of intravenous sodium 
bicarbonate 44-83 mEq, 502 glucose solutions with in- 
sulin and calcium gluconate. Kayexelate by the oral or 
rectal route is another somewhat slower but effective 
way to reduce the serum potassium. However, the above 
measures are temporary, and the best way of treating 
hyperkalemia is with peritoneal dialysis or hemodialysis. 
This should be cone as soon as needed following sur- 
gery. More frequent dialysis may be required in the early 
postoperative period because of the generalized hyper- 
metabolic state. To avoid hemorrhagic complications 
this can be done with regional heparinization. However, 
even then, hemorrhagic complications may occur due to 
“heparin rebounc"*!4 which results from the more rapid 
metabolism of protamine sulfate. Heparin then becomes 
dissociated from the protamine sulfate heparin complex. 
These patients heve a tendency to metabolic acidosis and 
this should be znticipated and treated expectantly by 
adding sodium »icarbonate to the maintenance intra- 
venous fluids. Careful attention to pulmonary ventilation 
and early ambulation is especially important in the post- 
operative period As previously mentioned, prophylactic 
antibiotics are not indicated and one should use lower 
doses of narcotics and sedatives than in a group of pa- 
tients not affected by renal failure. 

The texture of wound healing is quite good and would 
indicate that Icwer level of uremia found in well- 
dialyzed patients does not significantly interfere with 
wound repair. The lack of wound disruption is encourag- 
ing especially when one remembers that wound break- 
down is a common complication of severe renal failure 
in dogs and in man, and in addition it has been shown 


TABLE 7. Emergency Treatment of Hyperkalemia 


Land 
+ 


Sodium bicarbcnate (1-3 ampules of 44 mEq each). 

2. 50 cc of 50% glucose solution with 10-15 units of regular 
insulin S.C. 

3. 10-30 cc of calctum gluconate I.V. in 1-5 minutes (EKG control). 

4. Kayexalate: 20 gm P.O. T.LD. or Q.I.D. with 20 cc 50% 

sorbitol Kayexalate enema—50 gm in 50 cc 70% 

sorbitol and 100 cc H0. 


5. Dialysis: Eeritoneal or hemodialysis. 


bs 


. 
; 
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that chronic anemia has an adverse effect on wound 
tensile strength in the experimental animal.1:282627 

Massive upper gastrointestinal bleeding was the most 
frustrating and most difficult problem encountered in this 
group of patients. Four patients were operated upon in 
an attempt to deal with the problem surgically. Three 
of them were operated as an emergency and all three 
patients eventually died. Two patients died as a result 
of recurrent bleeding in the postoperative period, and 
one patient died as a result of respiratory complications. 
One patient was operated electively. He developed mas- 
sive suture line bleeding two weeks following surgery, 
which responded to conservative management. Nine 
patients with upper gastrointestinal bleeding were 
treated conservatively (all these patients had massive 
bleeding requiring more than six units of blood per 24 
hours). All these patients survived, one of them after 
receiving 52 units of blood and one following 32 units 
of blood transfusions. Fresh blood and platelet transfu- 
sions appeared to be the best way to correct the bleed- 
ing diathesis present in these patients. It is our feeling 
that patients on hemodialysis with bleeding gastroin- 
testinal lesions should be operated preferably electively 
and every attempt should be made to stop active bleed- 
ing by the various medical means available, fresh blood 
and platelets being the most effective treatment in this 
-limited experience. 

In conclusion, based on this experience and that of 
other authors, 15:826 one can state that patients on 
well-managed chronic hemodialysis will tolerate minor 
and major surgery well and their renal failure should 
no longer be regarded as a relative contraindication for 
properly indicated elective or emergency surgery. 
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Pancreatic Hypoperfusion and the Production of a 
Myocardial Depressant Factor in Hemorrhagic Shock 


Hemorrhagic shock was produced in dogs by bleeding to a 
systemic blood pressure of 45 mm Hg for 3 hours, followed 
by reinfusion of the shed blood. A rapid decrease in pan- 
creatic blood flow occurred and pancreatic perfusion re- 
mained at 15-25% of control over the entire 3-hour oligemic 
period. As a consequence of this marked degree of pan- 
creatic hypoperfusion, autolytic changes occurred in pan- 
creatic acinar cell ultrastructuré, particularly in the enlarging 
of lysosomes which developed many vacuoles. Plasma pro- 
teolytic indices (e.g., cathepsin D activity and amino nitrogen 
concentration) markedly increased during shock as well as 
the acfivity of a myocardial depressant factor (MDF). 
MDF was also produced in incubated pancreatic homog- 
enates obtained from nonshocked dogs and in non-incubated 
homogenates from shocked dogs. MDF activity in the 
homogenates was closely correlated with amino nitrogen 
toncentration. These data suggest that pancreatic hypoper- 
fusion plays a key role in MDF formation and ultimately in 
the pathogenesis of circulatory shock. Moreover, MDF ac- 
tivity was found not to be associated either with pentobar- 
bital concentration or the salt content of active fractions of 
plasma and pancreatic tissue. Ashing of active fractions was 
very effective in destroying MDF activity. These data are 
consistent with the earlier findings that indicate MDF to be 
a peptide having a molecular weight. of 500-1 5000. 


PLANCHNIC ORGANS HAVE BEEN SHOWN to undergo a 
S marked reduction in blood flow during a variety of 
forms of circulatory shock.2® However, the early and 
well-sustained hypoperfusion of the pancreas during 
shock has not been appreciated until recently.!935 The 
reductions in splanchnic flow were originally thought to 
represent a compensatory adjustment to the trauma of 
hemorrhage, by shunting blood to the coronary and 
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cerebral circulations. However, it has become increas- 
ingly clear that a sustained splanchnic hypoperfusion 
particularly to the pancreas may have consequences in 
shock beyond the simple redistribution of blood flow.’**° 
The pancreas is particularly vulnerable to hypoperfusion 
because it contains many potent hydrolytic enzymes, 
which can be activated or released by ischemia and/or 
hypoxia?! Some of these proteases participate in the 
formation of a myocardial depressant factor (MDF) in 
the pancreas.” MDF has been shown to be a peptide or 
glycopeptide having a molecular weight of 500 to 1,000 
which depresses myocardial contractility? 


-The purposes of this study were: 1) to define more > 


precisely the interrelationships among pancreatic blood 
flow, proteolysis within the pancreas, and the elaboration 
of a myocardial depressant factor by the ischemic pan- 
creas; and 2) to clarify the chemical nature of MDF. 
This information may be useful in the elucidation of 
some of the pathophysiologic events in circulatory shock. 


| Methods 
Preparation of animals 
Adult dogs (11-25 kg) were anesthetized with 30 
mg/kg pentobarbital sodium intravenously for all pro- 


cedures except in the case of four dogs which were used - 


only as control blood donors and from which 60 ml of 
blood was drawn. A carotid artery and a jugular vein 
were cannulated with polyethylene tubing which was 
connected to Statham P-23 transducers and a Beckman 
Type R Dynograph for the continuous recording of mean 
arterial blood pressure. (MABP) 'and central venous 
pressure (CVP), respectively. A cannula was also placed 
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in a femoral artery which was connected to a reservoir. 
Heparin sodium (500 U/kg) was administered intra- 
venously 20-30 minutes prior to bleedout. In some dogs, 
a noncannulating flowmeter probe (Statham Series Q) 
was placed around the superior pancreaticcduodenal 
artery, and the pancreatic vasculature was isolated from 
the intestine according to the technique of Spath et al.” 
Using these techniques, a measure of pancreatic blood 
flow to the main body of the pancreas could be achieved. 
Flowmeter probes were calibrated as previously de- 
scribed using excised arteries. 

Hemorrhagic shock was produced by bleeding the 
animals from the femoral arterial cannula into a silicon- 
ized Mariotte bottle into which a mixture of 95% Os and 
5% COs was bubbled at a preset hydrostatic pressure. The 
pressure of the bottle was set so that the MAEP of the 
dog was maintained at 45-50 mm Hg for a three-hour 
period. At this time, the shed blood remaining in the 
reservoir was reinfused under positive pressure at a rate 
which did not allow the CVP to increase by more than 
3 cm H30. This usually was accomplished in 15 minutes. 
Another 45 minutes of post-reinfusion time was allowed 
for recording hemodynamic variables and for the collec- 
tion of blood samples. Sham-operated dogs not sub- 
jected to hemorrhage were also studied for the same 
period: of time. ; 


Processing of Elood 


Arterial blood samples (6-8 ml) were drawn just prior 
to hemorrhage and at 60, 120, 180, 195 and 295 minutes 
after bleedout. The blood was collected in plastic tubes 
at 4 C and centrifuged at 2,000 x g for 15 minutes after 
which the plasma. was decanted, Cathepsin D activity 
and total plasma proteins were assayed on each sample. 
One ml aliquots of plasma were also deproteinized ac- 
cording to the method of Lefer and Barenholz?! for the 
subsequent determination of plasma amino-N concen- 
tration and MDF activity by the chromatographic pro- 
cedure described below. Some plasma samples were 
ultráfiltered under pressure in dialysis tubing for 48 
hours according to the method of Lefer and Martin? 
and processed through Bio-gel P-2 columns prior to bio- 
assay for MDF activity on cat papillary muscles as 
described below. 


Chemical M ethods 


Cathepsin D activities were determined according tc to 
- the method of Anson? using bovine hemoglobin as sub- 
strate at a pH of 3.6. Plasma activities are: expressed 
as milliequivalents of tyrosine X 10% produced per hour 
at 37 C. Protein determinations were performed using a 
biuret technique with absorbances read at 300 nm and 
calibrated with micro-Kjeldahl determination. Plasma 
' amino nitrogen determinations were made on deprotein- 
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ized extracts of plasma by the ninhydrin method of 
Kabat.!5 

The activity of MDF in plasma and in pancreatic ex- 
tracts was determined chromatographically, and in some 
cases by bioassay techniques. The chromatographic tech- 
nique of Barenholz et al? was employed using 50 aL ot 
deproteinized plasma or 30 „L of pancreatic extract. 
Papers were sprayed with 0.2% solution of ninhydrin and 
scanned 24 hours later at 570 nm on a Transidyne RFT 
densitometer for quantitation of the MDF activity against 
a serine standard. A bioassay technique was used in some 
samples to corroborate the chromatographic technique, 
but required larger volumes than the chromatographic 
method. Thus, 35 ml of blood were required to obtain 
about 12 ml of plasma in shock dogs, and this was depro- 
teinized and processed through Bio-gel P-2 gel filtra- 
tion columns according to the technique of Leffler et a1 
The peak which eluted between 80 and 100 ml contained 
most of the MDF activity and was used to quantitate the 
MDF activity. Ten ml of column eluate was assayed on 
isolated electrically driven cat papillary muscles stimu- 
lated at a rate of 1/sec, and maintained at 37 C and 
continuously bubbled with 95% Os + 5% CO» according 
to the method of Lefer et al.?* AEN 

In addition, several column eluates were subsequently 
lyophilized and then ashed at 625 C for 24 hours in a 
muflle furnace, reconstituted to their original volume 
and reassayed on cat papillary muscles. : 


Isolated. Tissue Preparation 


Pancreatectomies were performed on sham shock dogs 
and the pancreas was trimmed of all external fat arfd 
connective tissue, These samples were homogenized in 
Krebs-Henseleit solution (1.6, w:v) in a Waring Blendor 
for 1-2 minutes. Homogenates were then incubated at 
37 C in a shaker bath for two hours. -Aliquots were taken 
at 0, 30, 60, 90 and 120 minutes. These aliquots were 
deproteinized and MDF activity was determined chro- 
matographically and the aminc nitrogen concentration 
determined by the ninhydrin method. 

Cats (2.4-3.6 kg) were anesthetized with pentobar- 
bital sodium (30 mg/kg) and papillary muscles were 
dissected E the right ventricle after a cardiectomy 
according to the method of Lefer et al?? In addition, 
jejunal strips were isolated and spontaneous isometric 
tension used for evaluation of MDF action on smooth 
muscle according to the method of Ferreira and Vane.® 


Electron Microscopy 


At the end of some of the experiments, pancreatic tis- 
sue was fixed by infusing 32 glutaraldehyde in cacodylate 
buffer at pH 7.4 for a 5-10 minute period directly into 
the caudal pancreatoduodenal artery. Sections (2 to 3 
mm?) were then incubated at 37 C in a Gomori medium 
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for histochemical development of acid phosphatase gran- 
ules and were post-fixed in cacodylate buffered 1% 
osmium tetroxide according to the method of Miller and 
Palade.®2 Ultrathin sections (600—800 À) were prepared 
with uranyl acetate and lead citrate to enhance contrast. 
Grids were observed with a Zeiss Model 7A electron 
. microscope at magnifications of 12 ,000—48,000 x. 


Results 


Although survival was not recorded in these dogs, 
previous experiments on shock using the same protocol, 
resulted in uniform lethality in virtually all dogs studied 
approximately two to three hours after reinfusion. The 
dogs used in this study exhibited a failing circulatory 
system 45 minutes after reinfusion by virtue of a rapidly 
declining systemic blood pressure. In contrast, the sham 
shocked dogs maintained a stable level of cardiovas- 
cular performance over the entire four to five hour 
experimental period. - 

Thirty minutes after hemorrhage, pancreatic blood 
flow was 28% of control values and remained 15-25% of 
control over the eritire three-hour oligemic period. Pan- 
creatic blood flow returned toward normal on reinfusion 
of shed blood, but then declined again as MABP de- 
creased in the post-oligemic period. Figure l shows 
MABP and pancreatic blood flow responses in a typical 
hemorrhagic shock and sham shock dog. The sham shock 
. dog exhibited only moderate changes in MABP and pan- 
creatic blood flow over the course of the experiment. 
The initial values for pancreatic blood flow were not sig- 
nificantly different in these groups-of dogs. Moreover, the 
values 45 to 50 iun f 100 g of tissue for control pan- 


. Sham shock 
X Hemorrhage shock 


Pancreatic.Blood Flow 


. (ml/min/100g pancreas wet wt.) 





Time (minutes) 


Fic. l. Pancreatic blood flow in a dog subjected to hemorrhage 
and in a sham shock control dog. Hemorrhage -was initiated 
just after the zero minute reading and reinfusion of shed blood 
took place between 180-195 minutes. No blood was rémoved 
from the sham shock dog. Numbers on the lines are the mean 
arterial blood pressures at those times. 
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creatic blood flow (when normalized for pancreatic tis- 
sue actually perfused) agrees well with the previous 
findings of Lau et al.!? Pancreatic blood flow ranged be- 
tween 8 and 14 ml/min/100 g throughout the oligemic 
period. These data indicate. that pancreatic ischemia is a 
prominent occurrence in hemorrhagic shock. | 
Correspondin g with these hemodynamic alterations are 
changes in the concentration or activity of substances in 
the blood indicative of a profound’ degree of proteolysis. 
Figure 2 illustrates typical changes in the plasma activ- 
ities of the lysosomal ‘protease, cathepsin D and in the 
toxic factor, MDF, as well as alterations in the plasma 
amino-N concentration in a hemorrhaged dog. Over the 
first hour of oligemia, moderate changes occurred in 
cathepsin D and MDF activities, whereas the plasma 
amino-N concentration approximately doubled. Between 
60 and 180 minutes after hemorrhage, all chemical in- 
dices of proteolysis markedly increased. As a result of 
reinfusion of the shed blood (i.e. between 180 and 195 
minutes), all substances decreased in plasma as a result 
of the dilution by the reservoir blood. However, all vari- 
ables progressively increased over the postoligemic 
period. The average increases at the end of the experi- 
ment hemorrhagic shock group were 27-fold for cathepsin 
D, four-fold for MDF and 2.5-fold for plasma amino- 
nitrogen. Total plasma proteins did not change signit- 
icantly in the hemorrhaged dogs over the time period of 
the experiment. Furthermore, there were no significant 
alterations in any of these variables in the sham-shocked 
dogs over a four to five hour experimental period. 
Since a considerable amount of the plasma proteolysis 
originates from the pancreas and because pancreatic 
blood flow was very low during hemorrhage, pancreatic 
tissue was observed by electron microscopy in order to 
determine ultrastructural consequences of hemorrhage in 
pancreatic acinar cells. Figure 3 pes typical elec- 


A^ 
o 
o 


Hemorrhoge 


Ge 
ce 
o 


N 
e 
e 


Reinfusion 


o—e Amino«N 
£&—-6 MDF 
o---0 Cathepsin D 


o 
ra) 
» MDF Activity (Units) 


E 
= 
o 
p= 
x 
wi 
= 
= 
= 
£ 
2 
U 
< 
a 
E 
"e 
a 
9 
<= 
-— 
u 
je 


Plasma Amino-N Concentration (umoles/1) 





a, 
180 195 225 


Time (minutes) 


Fic. 2. Proteolytic responses of cathepsin D, MDF and amino-N 


in a hemorrhaged dog. All measurements were made in peripheral 
plasma. 


Vol. 179 * No. 6 


Fic. 3. Electron micro- 
graphs of portions of pan- 
creatic acinar cells in a 
sham shock dog (Panel 
A) and in a hemor- 
rhaged dog (Panel B) 
Magnification = 35,300 X 


tron micrographs of acinar cells obtained from sham- 
shocked and a shock dog pancreas. The lysosome in 
Panel B is enlarged and contains several clear vacuoles. 
Moreover, the lysosome is larger than the neighboring 
zymogen granules in the shock state, rather than 
being smaller as in the normal situation. In addition, the 
mitochondria appear to be enlarged and in some cases 
swollen. These changes are consistent with those ob- 
served in ischemic tissue, and are indicative of dis- 
organization of normal subcellar structure and particu- 
larly with increased lysosomal fragility. Moreover, the 
zymogen granules and lysosomes are the primary loci 
of pancreatic proteases and therefore would be the 
organelles primarily concerned with pancreatic proteoly- 
sis and presumably with MDF formation. 

The processes of pancreatic proteolysis and MDF pro- 
duction were further studied in homogenates of dog pan- 
creas obtained from normal nonshocked dogs and from 
dogs in hemorrhagic shock. Homogenates prepared in 
cold Krebs-Henseleit solution (i.e, 4 C) were assayed 
for MDF activity prior to and after incubation at 37 C. 
Figure 4 illustrates the MDF activity and the amino- 
nitrogen concentration of pancreatic homogenates in a 
typical experiment. Prior to incubation at 37 C (ie., at 
0 time), a very low MDF activity and amino-N concen- 
tration was present in the homogenate. However, a pro- 
gressive increase in both measurements occurred over the 
initial 120 minutes of incubation, followed by a leveling 
off at 150 minutes. This experiment confirms and extends 
several previous points regarding MDF production. 
Firstly, it confirms the finding that MDF can be gen- 
erated by pancreatic tissue alone. Secondly, it shows that 
* MDF is not a storage product of the normal pancreas, but 
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is formed as a result of metabolic activity of the pancreas. 
An average MDF activity of 12 + 3 MDF units was 
measured in four pancreatic homogenates at zero time 
compared with an activity of 64 + 5 units observed at 
2% hours of incubation. Thirdly, these data indicate that 
the process of proteolysis as assessed by the liberation 
of free amino-N closely parallels MDF production. 
Finally, the time for maximal MDF formation appears to 
be approximately 2 to 2% hours, a value which closely 
agrees with that obtained in vivo in shocked animals.** 
MDF is also formed by the dog pancreas duriifg 
hemorrhagic shock. Figure 5 illustrates a typical column 
elution pattern of dog pancreatic homogenate obtained 
three hours after the onset of hemorrhagic shock. This 


MDF Activity (Units) 
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Fic. 4. Time course of amino nitrogen concentration and MDF 
activity in dog pancreatic homogenates incubated at 37 C. 
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sample exhibited an MDF activity of 64 units (i.e., peak 
eluted at 95 ml) using the bioassay method. Thus, con- 
siderable MDF activity was present in a pancreas which 
already had released large amounts of MDF into the 
circulation. The plasma MDF activity was 53 units in 
this dog indicating that MDF continues to be produced 
during the course of hemorrhagic shock. This column 
elution pattern also clearly shows that the fraction con- 
taining most of the MDF is eluted in a peak which is 
unaffected by addition of 5% trichloracetic acid (TCA) 
and which is distinctly separate from the salt peak. The 
MDF fraction was eluted at 88 to 98 ml, whereas the 
salt was eluted at a volume of 115 to 125 ml. Since the 
void volume (Vo) of the column was 45 ml, the elution 
volume (Ve) to void volume ratio for the fraction con- 
taining MDF was 2.11 and the V./V, ratio for the peak 
containing the sodium (as well as other salts such as cal- 
cium and potassium) was 2.52. 

Table 1 summarizes the effects of freezing and of 
pentobarbital on myocardial depressant activity of dog 
plasma. The first four rows of the table show the results 
of freezing on unprocessed plasma or ultrafiltrates of 
plasma obtained from sham shock or hemorrhaged dogs. 
No significant difference existed between non-frozen and 
frozen samples of blood in either hemorrhagic shock or 
sham shock dogs. The frozen samples usually assayed 
about 3 MDF units higher than non-frozen samples, 
but this*small difference was not statistically significant. 
The last three rows of Table 1 summarize the effects of 
pentobarbital on MDF activity. Low MDF activity was 
found in samples obtained from nonanesthetized control 
dogs. Moreover, this level of MDF activity was not 
significantly different from the MDF observed in plasma 
obtained from anesthetized non-shocked dogs. Pento- 
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Fic. 5. Column elution pattern of pancreatic homogenate obtained 
from a dog in hemorrhagic ied: OD: was determined after 
development of ninhydrin reaction as stated in methods. Na 
concentration was determined by flame photometry. MDF activity 
was obtained by bioassay on cat papillary muscles. 
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TABLE 1. Effect of Pentobarbital and Freezing upon MDF Activity of 


Dog Plasma or Plasma Extracts 


Per cent Decrease in Developed 
Tensiont 


Type of Plasma or Solution Sham-shock Hemorrhagic Shock 


Plasma, non-frozen* 15 + 3 53 + 6 
Plasma, frozen* 18 + 4 55 + 5 
Ultrafiltrate of plasma,* 

non-frozen 18 + 3 56 + 6 
Ultrafiltrate of plasma* frozen 22 + 3 59 +7 
Plasma non-anesthetized 16+ 3 —— 
Ultrafiltrate of plasma 

non-anesthetized 20 + 4 — 
Krebs-Henseleit solution 

plus pentobarbitalf 12 + 3 


All values are means of 4 experiments +SEM 

* Taken from same dogs 

+ In isolated cat papillary muscles compared with Krebs-Henseleit 
solution standards 

i Pentobarbital sodium added in amounts calculated to exist in 
dog plasma three hours after intravenous does of 30 mg/kg according 
to the data of Brodie et al. (6). 


barbital was then added to Krebs-Henseleit solution in 
concentrations approximating those present in plasma 
of dogs three hours after anesthetization. Very little 
myocardial depressant activity was observed (Table 1). 
The concentrations employed were 40 to 50 g/ml, allow- 
ing for a rate of pentobarbital degradation of 15-20% per 
hour for three hours. This concentration is actually 
higher than the plasma pentobarbital concentrations of 
18 to 34 „g/ml found by Brodie et al. three hours after 
an intravenous anesthetizing dose of pentobarbital in the 
dog. These data therefore argue against pentobarbital 
contributing significantly to the MDF activity of plasma 
ultrafiltrates in shock animals. 

In an attempt to determine whether MDF activity 
can be identified with organic or inorganic substances, 
active samples of column eluted shock plasma were 
subjected to ashing for 24 hours. These column eluates 
were assayed for MDF activity before and after ashing, 
and the bioassay results are summarized in Table 2. As 
a control for the shock plasma, glucose-free Krebs- 
Henseleit solution (i.e. the solution used to elute the 


TABLE 2. 


Influence of Ashing of Column Eluates on MDF Activity 


MDF Activity (MDF Units) 
———————————————————— Statistical 


Type of Sample Before Ashing After Ashing Significance 


Glucose-free 
Krebs-Henseleit 


Controls (3) 942 14 + 3 NS* 
Peak D 

Samples from 

Shock dogs (4) 60 + 4 16 + 3 p < 0.01 





All values are mean + SEM 
* Not significant 
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fractions from the columns) was also ashed and assayed. 
The glucose-free Krebs-Henseleit solution (containing 
only salts) had a very low MDF activity which was 
essentially unchanged after ashing. However, active 
MDF containing samples were almost totally inactivated 
by the ashing, indicating that MDF is indeed an organic 
substance sensitive to high temperatures and not an 
inorganic ion or salt. 

Finally, column eluates of plasma obtained from shock 
dogs and from sham shock dogs were applied to isolated 
cat jejunal strips to determine the effect of MDF on 
intestinal smooth muscle. Figure 6 illustrates several 
types of contractile responses obtained. Segments A, C 
and D represent responses of the smooth muscle to shock 
samples containing MDF. Although the responses vary 
in the detailed pattern of contractions, all show a decline 
in mechanical activity of the strips and a cessation of 
tension development about 2 minutes after exposure to 
MDF. Some strips first showed an increase in resting 
tension (e.g., segment A) prior to the decrease, some 
only a decrease (e.g., segments C and D), and some a 
cessation of mechanical activity followed by strong slow 
waves of contraction (e.g., segment D). The response to 
a column eluate from a sham shock dog is exhibited in 
segment B, which failed to show an observable alteration 
in the contraction pattern up to periods of 10 minutes. 


Discussion 


The data presented in this study lend support to the 
role of the pancreas in the pathophysiology of hemor- 


A B 
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Fic. 6. Influence of column eluates on cat jejunal strip mechanical 
activity. Segments A C and D received column eluates (i.e., peak 
eluted at 80-95 ml) from dogs in shock. Segment B is in response 
* to the same peak obtained from a sham shock dog. 
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rhagic, and presumably other types of circulatory shock. 
Several investigators have previously shown that splanch- 
nic blood flow undergoes a marked decrease in circula- 
tory shock (Table 3). The three major conclusions de- 
rived from those studies are that: 1) splanchnic blood 
flow decreased markedly in several species exposed to 
a variety of shock states; 2) the presence of anesthetic , 
does not influence the overall response of the splanchnic 
vasculature to shock; and 3) pancreatic blood flow de- 
creases to a greater extent than either intestinal or hepatic 
blood flow in shock when all three are measured simul- 
taneously. These findings indicate that splanchnic hy- 
poperfusion is a common finding in shock and point to 
the pancreas as an organ which suffers a remarkable 
degree of ischemia during shock states. We have found 
that pancreatic blood flow is reduced by 72% with 30 
minutes of a severe hemorrhage, and remains at these 
or lower values for the entire oligemic period. This pan- 
creatic hypoperfusion leads to ischemia of the acinar 
cells and the activation and release of potent hydrolytic 
enzymes including lysosomal proteases (e.g., cathepsin 
D). The lysosomal disruption, as evidenced by re- 
lease of cathepsin D into the plasma (Fig. 2) and the 
enlargement and vacuolization of lysosomes observed 
by electron microscopy (Fig. 3), contributes to the 
plasma proteolysis observed in shock. Another index of 
increased plasma proteolvsis is the increase in the amino 
nitrogen concentration (Fig. 2). P 

In adidtion to contributing to proteolysis, the lysosomal 
hydrolases contribute directly to the pathophysiology of 
shock by exerting a splanchnic vasoconstrictor effect in 
the pancreas? and in the entire splanchnic region,’ ss 
well as by n the heart to the negative inotropic 
action of MDF.'??5 Thus lysosomal enzymes are capable 
of exerting iain effects on the circulatory system, 
particularly when reticuloendothelial function is im- 
paired as in shock.” A third consequence of lysosomal 
disruption is the formation and release of MDF into the 
plasma and its subsequent contribution to the impair- 
ment of myocardial contractility seen in the late stages 
of hemorrhagic shock by several investigators.'.!9 Thus, 
the compensatory mechanism of shunting blood from the 
splanchnic bed to the coronary and cerebral beds, in a 
prolonged hemorrhage, actually activates pathophysio- 
logic mechanisms which contribute to the lethality of the 
shocked organism.?? 

The increased proteolysis in the plasma observed in 
hemorrhaged dogs is not all due to pancreatic hvpoper- 
fusion. Certainly the liver, spleen and other organs play 
a role in releasing lysosomal hydrolases during shock. 
However, Spath et al.** have shown that perfusing Ei 
pancreas at normal flows by use of a roller pump, i 
dogs subjected to hemorrhage, prevented slightly more 
than half of the increases in plasma amino- nitrogen con- 
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TABLE 3. Splanchnic Blood Flow in Circulatory Shock 


Anesthetized or 


Type of Shock Species Conscious 
Hemorrhagic Dog A 
A 
A 
C 
Cat A 
Monkey E 
Endotoxic Dog A 
A 
Cat A 
Monkey E. 
Cardiogenic Dog A 
A 
Hemorrhagic Dog A 


Pancreatitis 


Per cent Reduction 
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Organ or Bed in Flow Reference 

SMA 83 Lillehei e£ a/.?? 

13 Spath ef al.35 

72 Roding & Schenk’ 

67 Roding & Schenk? 
SMA 60 McNeill et al.’ 
Liver 36 Forsyth et al.!° 
Intestine 68 Forsyth eż a1.1? 
Pancreas 94 Forsyth et al.1° 
SMA 83 Lillehei et a1.?? 

74 Wangensteen et al.?? 

75 Greenway & Murthy" 
Liver 14 Wyler et al.*° 
Intestine 21 Wyler et al.*° 
Pancreas 53 Wyler et al.*° 
SMA 62 Glenn et al.” 

59 Vyden & Corday’ 
Stomach 50 Goodhead!* 
Duodenum 64 Goodhead!* 
Colon 65 Goodhead!* 
Pancreas 77 Goodhead!5 





centration and cathepsin D activity, as well as over 80% 
of the MDF accumulation in the plasma. Moreover, 
Glenn and Lefer" have shown that pancreatic lysosomes 
are the most sensitive of all splanchnic organs to the 
stimuli operating in shock. Thus, the pancreas appears 
to be a major source of the shock mediated proteolysis 
that can be detected in peripheral blood. 

The finding of increased lysosomal size and degree 
of vacuolization in pancreatic acinar cells is in agreement 
with the work of others in cats’! and rats?* in hemor- 
rhagic shock. The changes are suggestive of increased 
fvsosomal fragility, but there is no known direct link 
between the ultrastructural alterations of lysosomes and 
their capacity to release enzymes. However, since 
splanchnic lysosomes are among the most sensitive to 
the stimulus of hemorrhage, splanchnic lysosomal hydro- 
lase release appears to be an important pathophysiologic 
event in circulatory shock. 

One of the consequences of this enzymatic release ap- 
pears to be the production of a myocardial depressant 
factor largely in the ischemic pancreas. MDF has been 
previously shown to impair myocardial contractility in 
isolated cardiac tissue as well as in the intact animal.” 
Moreover, MDF has been shown to exert a splanchnic 
vasoconstrictor effect in isolated artery strips'* which 
would enhance splanchnic ischemia and thus contribute 
to further MDF production. This may be one of the 
faetors which acts to sustain splanchnic hypoperfusion 
during the course of hemorrhagic shock. MDF has also 
been associated with impairment of the phagocytic func- 
tion of the reticuloendothelial (RE) system.2? This may 
be another positive feedback loop in shock since the 
RE system probably serves as a mechanism for clear- 
ance of toxic factors such as lysosomal hydrolases and 


MDF which accumulate in the blood of animals during 
shock. 

Data presented in this study show that MDF may 
influence target organs other than those of the circula- 
tory and RE systems. Thus, MDF exerts a direct in- 
hibitory effect on intestinal smooth muscle, which is 
opposite to that observed in vascular smooth muscle. The 
consequence of such a diminution in intestinal motility 
is not readily apparent. However the finding serves to 
differentiate MDF from bradykinin; a vasoactive peptide 
released into the plasma during shock,* since bradykinin 
has been shown to markedly stimulate the cat jejunal 
strip.’ 

Recently, MDF has been challenged by other investi- 
gators who claim that it is an artefact of its collection 
or separation from plasma. Thus, Wilson and Ebert”? 
claim that MDF activity is due to pentobarbital in the 
blood, and Wangensteen et al35 believe that MDF is 
sodium or salt and is an artefact of the process of gel 
filtration chromatography. We have obtained definitive 
evidence in this study that neither of these hypotheses 
explain MDF activity. 

With regard to the question of the relationship be- 
tween MDF and salt, we have three independent checks 
to show that MDF is not salt. Firstly, as shown in Fig. 5, 
the MDF peak is eluted at 88-98 ml, a fraction which is 
clearly separate from the salt peak which elutes at 
115-125 ml. The fraction containing MDF is eluted with: 
very little salt. The sodium concentration of the MDF 
fraction was 149 mEq/L, a value of about 20 mEq/L 
above that of the Krebs-Henseleit solution used to elute 
the sample from the column. Secondly, MDF activity 
correlated very closely with OD;57o (developed for nin- 
hydrin) which indicates a free amino group associated 
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with MDF activity. This is consistent with its prelimi- 
nary identification as a peptide. Finally, MDF activity 
is virtually completely destroyed by ashing, thus showing 
it is an organic substance and not a salt. 

The spurious results of Wangensteen et al?* can be 
explained by pointing out the three basic errors which 
they made in processing the plasma samples. Firstly, 
these workers did not elute the correct fraction from the 
Bio-gel P-2 column. The fraction in which they found 
alleged MDF activity was indeed the salt peak eluted 
at approximately 120 ml and has an elution volume to 
void volume ratio of 2.5. The fraction that contains true 
MDF activity is eluted at a column of 80-100 ml and has 
a V./V, ration of 2.1. This has been independently con- 
firmed by Fisher et al? who also found an MDF peak 
of salt at a V./V, ratio of 2.1. 

The second error was using an improper membrane 
for ultrafiltration of dog plasma. Using the membranes 
that Wangensteen et al?* employed, we found that 
about 65% of the MDF is trapped in the ultrafiltrand and 
does not cross the membrane. We could deproteinize 
the filtrand with 5$ TCA and quantitatively recover the 
lost MDF activity. Had these investigators assayed the 
original plasma and the ultrafiltrates of plasma, they 
would have observed these phenomena and observed 
the loss of activity using these membranes. 

The third basic error was the failure of Wangensteen 
et al?’ to properly dilute their column eluates. They 
applied a concentrated sample to the column and did not 
elute in a volume appropriate to restore the sample 
back to its original concentration. By concentrating 
their samples, they erroneously obtained very high so- 
dium concentrations (on the order of 250-500 mEq/L). 
At these unphysiologic concentrations, sodium does 
depress myocardial tissue.?9 However, these sodium 
levels do not occur in plasma during shock; plasma 
concentrations of sodium in fact decrease slightly during 
shock to values of about 140 mEq/L.5 We find our MDF 
peaks to contain about 130-150 mEq/L sodium, a value 
which cannot possible explain the myocardial depressant 
activity of our shock plasma samples. 

With regard to the claim of Wilson and Ebert" 
that MDF is pentobarbital, we have presented data 
showing that MDF activity is not related to the pento- 
barbital concentration of plasma ( Table 2). Thus, sam- 
ples taken from dogs soon after anesthetization but 
prior to shock and which contain high pentobarbital 

concentrations exhibit low MDF activity. Samples ob- 
tained from dogs late in shock, when plasma pento- 
barbital concentrations are lower since some of it already 
is metabolized, exhibit high MDF activity. Moreover, 
plasma taken from control unanesthetized dogs contain 
the same MDF activity as that found in anesthetized 
control dogs (Table 2). We could not justify the induc- 
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tion of hemorrhagic shock in unanesthetized dogs. How- 
ever, we have studied plasma MDF activity of patients?? 
in shock and these patients exhibited MDF activities 
of 48 + 3 MDF units compared to 17 + 2 units for 
control patients not in shock. None of these patients 
was anesthetized. Therefore, MDF can be obtained 
without the presence of pentobarbital or any other , 
anesthetic. If one adds large amounts of pentobarbital 
to plasma or other solutions as in the experiments of 
Wilson and Ebert,? a depression of isolated cardiac 
tissue may be obtained. However, it is erroneous to 
claim that MDF is pentobarbital. The column eluates 
containing MDF are in a fraction which contains sub- 
stances having a molecular weight of 500—1,000.?* Since 
the molecular weight of pentobarbital is 226, it would 
not be present in this fraction and thus could not account 
for the MDF activity obtained in column eluates. 
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The Roles of Intraluminal Chyme and Vasomotor 
Response in the Pathogenesis of 
Non-Occlusive Intestinal Infarcts 


A. KWAN, M.D., C. J. CHIU, M.D.,* W. MERSEREAU, Ph.D., E. J. HINCHEY, M.D.+ 


The purpose of this study is to clarify the role of intraluminal 
chyme and the splanchnic vasomotor reaction on the patho- 
genesis of non-occlusive intestinal infarcts. In 5 mongrel dogs, 
3 types of intestinal loops were created. A cervical loop, 
which is a heterotopic autotransplant of a segment of in- 
testine, contains no chyme and is disconnected from the 
splanchnic innervation. A Thiry-Vella loop simultaneously 
constructed in the abdomen is also devoid of intraluminal 
chyme, but is still innervated. The intestine-in-continuity 
possesses both splanchnic innervation and intraluminal 
chyme. Hemorrhagic shock was then induced and the mor- 
phological response of the three types of intestine examined. 
The results indicate that the cervical loop is least damaged, 
whereas both the Thiry-Vella loop and the intestine-in- 
continuity are both severely damaged. It is concluded that 
in the non-occlusive hemorrhagic infarction of the intestinal 
mucosa, the peculiar splanchnic vasomotor response plays the 
dominant role. The pathogenesis of non-occlusive intestinal 
infarcts and its clinical implications are discussed. 


ATIENTS WITH NON-OCCLUSIVE HEMORRHAGIC INFARC- 

tion of the intestine have a mortality rate which 
approaches 1002.5 This lesion has been associated with 
various low flow states which include hemorrhagic and 
septic shock," myocardial infarction, valvular heart 
disease with or without operation,” and other diseases 
which involve heart failure and a low output syndrome.!? 
It is also one of the most conspicuous pathological le- 
sions noted in dogs, rats and other species following 
hemorrhagic shock,® and has been considered to play a 
major role in the eventual irreversibility of the low 
flow states.!? 
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Both the digestive enzymes and toxic substances in 
the lumen of the intestine and the vasospasm mediated 
by the splanchnic nerves, have been thought to be 
important in the development of this lesion. In this study, 
an experimental model was devised to isolate these 
factors in the same animal, in order to evaluate their 
respective roles in the pathogenesis of non-occlusive 
intestinal infarction. 


Material and Methods 


Five adult mongrel dogs weighing 20-25 kg were 
anaesthetized with intravenous sodium pentobarbital 
(30 mg/kg). In each dog, a loop of jejunum approxi- 
mately 15-18 cm in length was transplanted to its own 
neck, anastomosing the superior mesenteric artery and 
vein end to end to the common carotid artery and the 
external jugular vein. An adjacent loop of intestine of 
the same length was isolated in the same animal and 
converted into a Thiry-Vella fistula. Intestinal continuity 
was re-established by end-to-end anastomosis (Fig. 1). 
Each dog therefore possessed three different types of 
intestinal loops: 1) a cervical loop; 2) a Thiry-Vella 
loop; and 3) its normal intestine-in-continuity. These 
dogs were allowed to stabilize for at least one month 
after which they were subjected to hemorrhagic shock 
using Wiggers’ method. Blood pressure was monitored 
via a femoral artery cannula and a blood pressure of 
40 mm Hg was maintained over a period of three hours. 
Control biopsies of all three loops of intestine were 
obtained before the shock period. Two hours following 
the onset of shock, 10 cc of Pelikan® colloidal carbon 


MO 






Intestine in continuity 


Fic. 1. The experimental model. Three types of intestine, i.e. 
cervical autotransplant, Thiry-Vella loop and intestine-in-conti- 
nuity, were constructed in the same animal. 


suspension were injected intravenously. These colloidal 
carbon particles have been shown to adhere to damaged 
vascular endothelium,’ and were used as markers to 
demonstrate endothelial lesions in this study. 

All animals were re-infused at the end of the 3-hour 
shock period. One hour after re-infusion, biopsies were 
again obtained from all three loops of intestine. These 
specimens were studied for: 1) their gross appearance; 
2) histological changes; and 3) the adherence of col- 
loidal carbon particles on the endothelium of small 
vessels. 

The differences in these three loops of intestine are 
summarized in Table 1. They differ in the presence or 
absence of intestinal chyme and the presence or absence 
of splanchnic innervation. 


TABLE 1. The Characteristics of the Experimental Intestinal Loops 
Intestine in Thiry-Vella 
Continuity Loop Cervical 
eo apne a Seip a eS 
Chyme Yes No No 
Splanchnic Innervation Yes Yes No 
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Results 


Each animal serves as its own control and comparison 
can be made among the loops of intestine in the same 
animal. 


Gross Appearance 


Mucosal hemorrhages were observed in both the 
Thiry-Vella loops and the "intestine-in-continuity" (Fig. 
2). Table 2 represents the results obtained from gross 
observation of the various loops of intestine, in which 
the severity of mucosal hemorrhage was graded from 
0 to 3+. From the gross appearance it appears that the 
cervical loop is least damaged, and thus more capable 
of withstanding hemorrhagic shock than both the Thiry- 
Vella loop and the intestine-in-continuity. 


Histological Findings 


Light microscopy of representative sections of each 
loop of intestine also shows severe damage to the in- 
testinal mucosa of both the Thiry-Vella loop (Fig. 3) 
and the intestine-in-continuity (Fig. 4). The mucosa 
of the cervical loop appears relatively normal (Fig. 5). 
Table 3 represents the composite histological findings. 
The histological grading used here were those employed 
by Chiu et al. which have been shown to represent 
a progressive and flow-dependent injury of the intestinal 
mucosa in ischemic conditions. 


Cilloidal Carbon Adherence 


Microscopic examination of the microvasculature of 
the mucosa revealed the absence or minimal presence 
of carbon particles on the vascular endothelium in the 
cervical loops. In contrast, the Thiry-Vella loops and 
intestines-in-continuity both retained carbon particles on 
the vascular wall, suggesting damage to the endothelium 
(Fig. 6). They are graded for comparison in Table 4. 


Discussion 


A number of hypotheses have been postulated to 
explain the pathogenesis of non-occlusive hemorrhagic 
necrosis of the intestinal mucosa. This lesion is par- 
ticularly severe in the dog, and since the intestine 
appears grossly congested and hemorrhagic, spasm of 
the hepatic venous sphincters resulting in splanchnic 


TABLE 2. The Gross Mucosal Appearance Following Shock: Gross 


Findings (Mucosa Hemorrhage) š 


Dog Intestine in Continuity Thiry-Vella Loop Cervical Loop 


A = ++ - 
B + - - 
C ++ +++ - 
D + =- - 
E +++ +++ + 
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Fic. 2. Gross specimens 
taken from the same dog 
following hemorrhagic 
shock. The intestines 
were opened along the 
mesenteric border. Note 
the hemorrhagic necrosis 
in the Thiry-Vella loop 
(middle) and the intes- 
tine-in-continuity (right) 
most marked at the anti- 
mesenteric border. Mod- 
erate congestion was 
present in the cervical 


loop (left). 


outflow obstruction was thought to be important. He- 
patic vein sphincters are known to be prominent in 
the dog and are sensitive to various stimuli such as 
anaphylaxis and hemorrhage which cause hepatic and 
splanchnic congestion. This hypothesis was disproved 
by the earlier experiments of Selkurt et al.!* and Lilleihei 
et al? in which dogs were subjected to hemorrhagic 
shock following the construction of porto-caval shunts. 
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Fic. 3. Histology of the 
Thiry-Vella loop mucosa. 
Note the shedding of the 
covering epithelium from 
the intestinal villi follow- 
ing shock: before shock 
(left) and after shock 
(right). 
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Although the shunts effectively decompressed the portal- 
mesenteric venous system, hemorrhagic necrosis of 
intestinal mucosa ensued. 

Bounous et al., on the other hand, demonstrated the 
importance of intraluminal enzymes, particularly the 
pancreatic enzyme, trypsin, in the pathogenesis of in- 
testinal hemorrhagic necrosis. They reported that hemor- 
rhagic necrosis could be prevented by the instillation 
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Fic. 4. Histology of the 
intestine-in-continuity. 
The villi were denuded 
following shock: before 
shock (left) and after 
shock (right). 


Fic. 5. Histology of the 
cervical loop. Note that 
the epithelial layer still 
covers the mucosal villi 
after shock. A. Before 
shock. B. After shock. 
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Histological Gradings of The Mucosal Damage Following 
Shock: Histological Staging 


TABLE 3. 





Dog Intesting in Continuity Thiry-Vella Loop Cervical Loop 


A II II 
B III III 
C III III 
D II ITI 
E II II 





-= O = O © 





Grade 0: normal mucosa 
Grade III: dunuded villi 


of a trypsin inhibitor, traysylol, into the lumen of the 
intestine and also by the prophylactic ligation of the 
pancreatic ducts. It was theorized that the damaged 
intestinal mucosal barrier allowed tryptic digestion of 
the intestinal mucosa, leading to hemorrhagic necrosis. 
In another hypothesis, the peculiar vasoactivity of the 
splanchnic bed, mediated by the splanchnic nerves, 
was suggested as a possible cause of non-occlusive 
infarcts. Folkow et al. experimentally demonstrated 
that blood was shunted away from the superficial zone 
of the intestinal mucosa to the deeper layer when the 
splanchnic sympathetic nerves were stimulated. Shunting 
of blood flow away from the metabolically highly active 
mucosal epithelium was thought to further aggravate 
the damage already produced by the decreased total 
splanchnic blood flow in various low flow states. 
Although the number of animals in this study is rela- 
tively small, the results are consistent. Since three dif- 
ferent types of intestine are present in each animal, 
each dog served as its own control, obviating the prob- 
lem of individual differences. Since both the cervical 
loops and the Thiry-Vella loops had been created at 
least four weeks before the hemorrhagic shock experi- 
ments, their lumens contained no chyme, in contrast 
to the intestine-in-continuity. On the other hand, both 
the Thiry-Vella loop and the intestine-in-continuity still 
had an intact splanchnic innervation, whereas the 
cervical loop had been disconnected from such innerva- 
tion. The fact that following hemorrhagic shock, the 
cervical loop is least damaged, whereas both the Thiry- 
Vella loop and the intestine-in-continuity are severely 
damaged would suggest that the splanchnic vasomotor 
responses with the subsequent reduction in mucosal 
blood flow, rather than the presence of enzyme or toxin 


TABLE 4. Grading of the Mucosal Vascular Endothelial Damage 
Using Colloidal Carbon Particles 
à as the Marker: Colloidal Carbon Adhesion 
Sasi armen naa DE 
Dog Intestine in Continuity Thiry-Vella Loop | Cervical Loop 
on MAURIS HD MEUM UD DA CHRON. NN loda. a MN tic diueee cale adios, ai 


A 


motu 

+++1+ 

THEE 
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Fic. 6. High power microphotograph iion the adhesion of 
colloidal carbon particles (arrows) on the endothelium of small 
vessels in the intestinal villi, indicating endothelial damage. 


in the lumen, plays the dominant role in the pathogenesis 
of this lesion under our experimental conditions. 
From these and other available data‘ the following 
sequence may be postulated for the pathogenesis of 
non-occlusive intestinal infarction. The intestinal mu- 
cosal ischemia associated with various low flow states 
such as shock and cardiac failure may be aggravated 
by the splanchnic vasomotor response, producing shunt- 
ing and vasospasm, further reducing blood flow to the 
metabolically highly active mucosal epithelium of the 
intestine. Decreased blood flow deprives the intestinal 
epithelial cells of oxygen and other metabolic substrates 
leading to metabolic dysfunction and the morphological 
disruption of these “barrier” cells. The shedding of the 
epithelial cells exposes capillaries and the lamina propria 
to the action of intraluminal digestive enzymes. The 
enzymatic destruction of these tissues leads to hemor- 
rhage and deeper necrosis of the intestine. The intestinal 
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nucosal barrier damage may then lead to massive fluid 
oss via the intestine? as well as the absorption of toxic 
substances," and may contribute to the establishment 
ind the aggravation of the vicious cycle in the low flow 
states. 

Various therapeutic modalities may be useful in the 
treatment and prevention of the non-occlusive intestinal 
infarcts. These include the treatment of the low flow 
state itself, with volume expansion and the administra- 
tion of cardiac inotropic agents. Adrenergic blocking 
agents may be used to alleviate splanchnic vasoconstric- 
tion and the instillation of enzyme inhibitors and anti- 
biotics may decrease the effects of intraluminal digestive 
enzymes and toxins. Thus the clarification of the patho- 
physiology may enable us to interpret and integrate 
the effects of various therapeutic modalities, and may 
lead to better management of this highly lethal condition. 
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Prevention of Bile 
Ulceration 


The role of bile salts and refluxed duodenal content in the 
pathogenesis of acute gastric ulcers in the shocked rat were 
examined. The addition of cholestyramine to duodenal con- 
tents inhibits their ulcerogenic action in the stomach of rats 
challenged by an acid load, (100 mEq/l Hcl) and sub- 
sequently bled to a mean blood pressure of 20 mm Hg. 
Also, bile duct ligation 2 days before the reflux procedure 
and subsequent shock also inhibited ulcer formation. An ex 
vivo rat gastric chamber was used to further demonstrate 
that the “barrier” breaking action of bovine sodium tau- 
rocholate and sodium lauryl sulphate could be prevented by 
cholestyramine. Cholestyramine also inhibited the usual rapid 
depression of the transmucosal potential difference (PD) 
produced by both of these agents. It is concluded that 
cholestyramine protects the gastric mucosa from ulceration 
by blocking the barrier breaking action of bile salts in duo- 
denal chyme. 


LINICAL®: 13 and experimental studies?:1 support the 
3 hypothesis that the reflux of bile into the stomach 
may play a role in gastric ulceration and gastritis. Daven- 
port? in the dog and Ivey et al.!! in man have demon- 
strated that bile salts break the gastric mucosal barrier 
to hydrogen ion back diffusion. 

Our studies in the totally ischemic rat gastric cham- 
ber? and those of Den Besten et al9 in the shocked 
dog demonstrate that the gastric mucosa can withstand 
a high concentration of hydrogen ion (100 mEq/1) for 
a considerable period of time, with minimal ulceration. 
If, however, duodenal reflux occurs into the chamber or 
bile salts are placed into the dog's stomach, ulceration 
occurs during the low flow state. The absence of ulcera- 
tion in non-shocked animals similarly treated with bile 
salts suggests that during normotension the mucosa is 
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protected from the effects of hydrogen ion back dif- 
fusion by mucosal blood flow. 

Cholestyramine is a basic anionic resin which is used 
clinically to bind bile salts. Black et al) have demon- 
strated that it may have some beneficial effects in the 
treatment of gastric ulcers. ° 

Zike et al.!4 have reported that the addition of chole- 
styramine to a taurocholic acid solution inhibits its ulcer- 
ogenic action on the stomach of a shocked dog. 

The present studies were undertaken to determine 
if cholestyramine pretreatment would protect rats from 
the barrier breaking agents in refluxed duodenal chyme 
and thereby protect the gastric mucosa from ulceration 
when challenged with an acid load and a low flow state. 
To further examine the role of the bile component in 
the ulcerogenic action of refluxed duodenal chyme, bile 
was excluded from the duodenum by ligating the bile 
duct two days before the experiment. The rat gastric 
chamber preparation!” was utilized to test the efficiency 
of cholestyramine against crude bovine sodium tauro- 
cholate and another barrier breaker, sodium lauryl sul- 
phate. 

Gastric potential difference (P.D.) measurements 
were made to determine if cholestyramine would prevent 
the usual fall in P.D. seen when these barrier breaking 
agents are placed in contact with the gastric mucosa.® 

A commercially available cholestyramine preparation 
(Questran, Mead Johnson) was used in this study. In 
addition to cholestyramine it contains acacia, polysor- 
bate 80, kelcoloid LVF, citric acid, sucrose, flavoring 
and coloring. The placebo preparation (Questran 
Placebo, Product 5865-7M, Mead Johnson ), contains an 
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inert resin instead of the cholestyramine but all the 
other additives are present. 

A colloidal carbon suspension (Pelikan, Gunther Wag- 
ner) was injected intravenously into some animals in 
this study since these carbon particles have been shown 
to adhere to damaged vascular endothelium and can be 
used as a marker of tissue injury.* 


Methods 


Duodenal Reflux Experiment 


Sprague-Dawley rats of either sex, 250-300 grams in 
weight, were used in this study. They were starved over 
night but allowed water ad lib. Under intraperitoneal 
pentobarbital anesthesia (5 mgm/100 grams), the fe- 
moral and carotid arteries were cannulated with tapered 
(PE 60) polyethylene catheters. The femoral artery 
catheter contained heparinized saline and was connected 
via a Statham pressure transducer to a Sanborn polyviso 
recorder for monitoring mean blood pressure. The 
carotid artery cannula was connected through a one-way 
stopcock to a 10 ml syringe containing 1 ml of heparin 
(1000 units/ml). This syringe was used to heparinize 
the animal and to bleed it. 


Duodenal Reflux Procedure 


The esophagus was ligated below the level of the 
thyroid? cartilage to prevent aspiration of possible re- 
gurgitated gastric content. The duodenum was exposed 
through a mid abdominal incision and carefully picked 
up at its most distal free end (approximately 4 cm from 
the pylorus). The duodenum was tied off at this point 
and a polyethylene catheter (PE 190) was tied into the 
duodenum just proximal to the occluding tie so that 
solutions could be infused into the stomach. The duo- 
denal contents of control animals was flushed into their 
stomachs with 1 ml of tap water or 1 ml of a placebo 
Questran preparation. The experimental group received 
] ml of the cholestyramine preparation (Questran, Mead 
Johnson). (An amount containing 33 mgms of cholesty- 
ramine per ml of tap water). The duodenum was then 
picked up at the catheter site and the remaining contents 
carefully milked into the stomach with the fingers. Care 
was taken to avoid any direct mechanical trauma to the 
stomach. Fifteen minutes later, 5 ml of a 100 mEq/l 
hydrochloric acid solution was instilled into the stomach 
through the duodenal catheter and the animal bled to 
a mean blood pressure of 20 mm of mercury and kept 
at this pressure for 10 minutes at which time the shed 
blood was reinfused. After reinfusion, 0.1 ml of colloidal 
carbon (Pelikan) was slowly infused into the right 
saphenous vein and the animal allowed to live for 10 
minutes at which time it was quickly killed by dislocat- 
ing the neck. The stomach was immediately filled with 
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formalin in saline through the duodenal cannula. The 
abdominal esophagus was incised to allow the formalin 
to flush out the acid solution and was then tied and the 
inflated stomach removed and placed in formalin for 10 
minutes to fix it in a dilated state. The stomach was then 
opened and the percentage of glandular mucosa ulcer- 
ated was estimated. 


bile Duct Ligation Experiments 

Two days before carrying out the reflux procedure, 
five rats had their bile ducts ligated approximately 1 cm 
from the liver utilizing clean technique and pentobar- 
bital anesthesia. The animals were fasted overnight 
prior to refluxing. At the time of the study the duodenal 
contents were refluxed into the stomach with 1 ml of 
water as described above. The water refluxed group of 


the above experiment with intact bile ducts served as 
controls. 


Gastric Chamber Experiments 


Rat ex vivo gastric chambers!? were prepared in 250- 
300 gram Sprague-Dawley rats. The control animals had 
2 ml of tap water or 2 ml of a placebo Questran suspen- 
sion placed in their chambers and then 8 ml of the 
barrier breaker to be studied was added. The contents 
of the chamber were then continuously mixed for 15 
minutes. The barrier-breaking agents used were crude 
bovine sodium taurocholate (20mM ) dissolved in either 
0.1 M phosphate buffer (pH 7) or in 100 mEq/l hydro- 
chloric acid solution, and sodium lauryl sulphate 5.0 mM 
in 0.1 M phosphate buffer (pH 7). 

The treated group received 2 ml of cholestyramine 
and carrier suspension in water. This was immediately 
followed by the addition of 8 ml of the barrier-breaking 
solution and mixed for 15 minutes. At the end of the 
barrier-breaking period, the chambers of both control 
and experimental animals were emptied by suction and 
flushed with tap water. They were then filled with an 
hydrochloric acid solution (100 mEq/l) and the rats 
blood pressure rapidly reduced to a mean of 20 mm Hg 
by bleeding from the carotid artery. After 10 minutes 
at this blood pressure the shed blood was reinfused. The 
percentage of glandular mucosa ulcerated was estimated 
visually. 


PD Measurements 


PD (potential difference) was measured in 4 rats in 
each of the above groups. PD was measured between the 
femoral vein and the chamber contents using poly- 
ethylene catheters filled with 4% agar in saturated potas- 
sium chloride. The catheters were inserted into the side 
arms of two calomel half cells (Radiometer, GK2024C ) 
which were connected to a Fisher Accumet Model 420 
digital meter. Continuous recordings were made on a 
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Hitachi 3£165 recorder at a paper speed of 10 mm/min- 
ute. 

Control P.D.s were recorded for 5-10 minutes with the 
solvent used with the barrier breaking agent. The con- 
tents of the chamber were mixed continuously. At the 
desired time the solution was sucked from the chamber 
and the control or test solution added to the chamber 
quickly followed by the barrier breaking agent. 


Results 


Duodenal Reflux 


The results are presented in Table 1 and F ig. 1. All 
of the animals in the control group (water or placebo 
reflux) had extensive ulceration of the glandular portion 
of the stomach. This could be seen from the serosal 
surface due to hemorrhage and accumulation of col- 
loidal carbon in the damaged vessels in the base of the 
ulcer. 

Only one animal in the cholestyramine group had 
ulceration and this was limited to two tiny ulcers at the 
pylorus and two in the body of the stomach. 


Bile Duct Ligation Group 


None of the rats in this group developed severe ulcera- 
tion (Table 1). Three of the five demonstrated small 
superficial white changes with a few carbon labelled 
vessels. 


Gastric Chamber Studies 


The results are presented in Table 2. Cholestyramine 
Fig. 2 markedly reduced the extent of ulceration from 
that seen in the control animals Fig. 3, in both the 
“sodium taurocholate” and sodium lauryl sulphate 
groups at pH 7. 

20 mM sodium taurocholate prepared in 100 mEq/l 
hydrochloric acid was seen to cause mucosal injury and 
mucous discharge in normotensive rats (i.e.) prior to the 
induction of hemorrhagic shock. In fact, the injury 
caused by this agent was often so severe as to be graded 
as 98% ulceration. The results of this study are presented 
in Table 2. Double strength cholestyramine (66 mgm/ 
ml) was more effective in inhibiting the ulcerogenic 
action of this agent at pH 1. 


TABLE 1. Effect of Treatment on Degree of Gastric Ulceration 
in the Intact Rat 


i —— 


Percentage of Mucosa 


Ulcerated 
Treatment No. of Rats Average Range 
Control reflux 8 40% 10-70 
Cholestyramine reflux 6 1% 0-1 
Prior bile duct ligation 5 1% 0-1 
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Fic. 1. Gross appearance of the interiors of the stomachs of the 
control and experimental (cholestyramine ) groups. 


PD Studies 


Two representative records are shown in F igs. 4 and 5. 
The tracings should be read from right to left. Fig. 4 
illustrates the typical rapid depression of P.D. seen after 
the addition of sodium taurocholate (pH 7) or sodium 
lauryl sulphate (pH 7) to the chamber. 

The prior addition of 2 ml of the cholestyramine 
suspension to the chamber is seen to block the depression 
of P.D. produced by both these barrier breakers. A 
typical record of this action is illustrated in Fig. 5. 


Discussion j 

The etiology of stress ulceration and for that matter, 
gastric ulceration of any type remains unknown. We 
have demonstrated the importance of luminal hydrogen 
ion concentration in the genesis of acute ulceration in 
the gastric chamber rat as well as in the intact rat in 
hemorrhagic shock or complete gastric ischemia.!? In 
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TABLE 2. Effect of Treatment on Degree of Ulceration as Seen in 
the Gastric Chamber 
a 
Percentage of Mucosa 
Ulcerated 
Treatment No. of Rats Average Range 

Control sodium 

taurocholate pH 7 8 59% 25-85 
Cholestyramine plus 

sodium taurocholate 

pH 7 6 4% 0-15 
Control sodium 

taurocholate pH 1 6 68% 15-98 
Cholestyramine 

(33 mgm/ml) plus 

sodium taurocholate 

pH 1 4 33% 10-65 
Cholestyramine 

(66 mgm/ml) plus 

sodium taurocholate 

pH 1 4 1% 1-20 
Control sodium lauryl 

sulphate pH 7 8 79% 35-95 
Cholestyramine sodium 

lauryl sulphate pH 7 1 1 — 


the latter state it is noteworthy that the gastric mucosa 
can resist a hydrogen ion concentration of 100 mEq/l 
for up to at least 40 minutes. (Unpublished observa- 
tions). If, however, the “barrier” to hydrogen ion back 
diffusion is broken by gentle mechanical pressure or 
barrier breaking agents such as bile salts or sodium 
lauryl sulphate, ulceration occurs immediately. It is 
therefore, our belief that the key to gastric ulceration 
lies at the “barrier” and factors which break it, as well 
“as agents which speed or retard its repair. 
Experimental studies^!! have demonstrated that bile 





Fic. 2. Gastric mucosa which has been protected from the 
ulcerogenic action of sodium taurocholate by cholestyramine. 
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Fic. 3. Ulcerogenic action of sodium taurocholate. 


salts are particularly effective in breaking the gastric 
mucosal barrier and several clinical studies have sug- 
gested a relationship between duodenal reflux and gas- 
tric ulceration 2??? Fisher and Cohen? have demonstrated 
that duodenal reflux in the gastric ulcer patient may be 
due to functional failure of the pyloric-sphincter allow- 
ing duodenal reflux. 

The present study demonstrates the marked ulcero- 
genic activity of duodenal reflux in the rat. The preven- 
tion of ulcer formation by a bile salt chelator, cholesty- 
ramine, or by prior bile duct ligation suggests that the 
active agent in the refluxed material is probably bile 
salts. The gastric chamber studies further demonstrate 
the ulcerogenic potency of crude bovine sodium tauro- 
cholate and its inhibition by cholestyramine. It was also 
shown that this bile salt preparation is extremely toxic 
to the normal gastric mucosa when in acid solution and 
suggests that under these conditions cholestyramine is a 
less effective binder of bile salts. 

It is also of interest that the synthetic detergents 
which Davenport? has shown to break the gastric mu- 
cosal barrier, are extremely effective in producing ulcers 
in the chamber preparation at low concentrations. 
Sodium lauryl sulphate is also bound by cholestyramine 
and its ulcerogenic action thereby inhibited. 

These demonstrations of the action of bile salts and 
detergents on impairing mucosal resistance to ulceration 
are supported by the study of the gastric mucosal po- 
tential difference (PD). Our studies are in agreemenj 
with those of Geall? in man, that bile salts reduce the 
P.D. The origin of the P.D., although uncertain, appears 
to be dependent on both the active transport of ions 
across the mucosa and mucosal permeability. Other 
studies (unpublished) have demonstrated that barrier 
repair after removal or chelation of sodium taurocholate 
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Fic. 4. Rapid fall in mu- 
cosal P.D. after the ap- 
plication of sodium tau- 
rocholate to the mucosa 
in the gastric chamber. 
Note that time is re- 
cord right to left. 


Fic. 5. Inhibition of the 
decrease in mucosal P.D. 
by the chelation of so- 
dium taurocholate by 
cholestyramine in the 
gastric chamber. Note 
that time is recorded 
right to left. 
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is reflected in a rise in P.D. This repair has been found 
to correlate with the absence of ulceration when the 
mucosa is challenged by adequate acid and ischemia. 

The clinical usefulness of cholestyramine would re- 
quire that it be at the right place at the right time. 
This was pointed out by Black et al. in his studies of 
the effectiveness of cholestyramine on gastric ulcer 
healing in man. 

The possible role of a protective mechanism within 
the mucosa is suggested by the failure of most rats to 
develop 100% ulceration of the mucosa even though all 
of the mucosa is exposed to the constantly stirred barrier 
breaker. The protective role of mucous outflow is sug- 
gested by the observation that the low lying segments 
between mucosal folds are often spared, presumable 
because a protective layer of mucous collects there and 
protects the mucosa from the fluid flow in the chamber. 
Our failure to observe ulceration of the squamous epi- 
thelium lined forestomach is in agreement with other 
studies demonstrating the resistance of this tissue to 
ulceration. 
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. A new parenteral cephalosporin. a 
with all the performance you expect in 
serious susceptible hospital infections 


C ctadyt Vy 


sterile 
cephapirin sodium 


* Indicated in serious upper and lower respiratory, 
genitourinary, skin and soft-tissue infections, 
bacteremia, septicemia — due to susceptible 
organisms, including penicillin G-resistant staph. 


* Effective performance in treatment of infections 
due to these susceptible organisms: 


Respiratory tract infections due to D. pneumoniae, 
Group A beta-hemolytic streptococci, Klebsiella spp., 
or H. influenzae. 


Genitourinary tract infections due to E. coli, 
P. mirabilis, Klebsiella spp. or Staphylococcus aureus, 
including penicillin G-resistant staph. 


Skin and soft-tissue infections due to 
Staphylococcus aureus, including penicillin 
G-resistant staph, Group A beta-hemolytic 
streptococci or E. coli. 


* High blood levels achieved with single 0.5 Gm. 
and 1 Gm. I.M. doses and with single 0.5 Gm., 1 Gm. 
and 2 Gm. I V. doses. 


* High solubility with only 2 ml. of diluent needed 
for 1 Gm. I.M. dose. 


Please see last page for prescribing information. ‘BRISTOL 


A new parenteral cephalosporin... 
with all the performance you expect in 
serious susceptible hospital mfections 


Flexible Dosage: adjustable to fit severity of infection and 
renal status of patient: 


The usual adult dose of Cefadyl is 0.5 Gm. to 1 Gm. every 4 to 6 hours 
intramuscularly or intravenously. Doses up to 12 Gm. daily may be used in very serious 
or life-threatening infections. 


No nephrotoxicity reported during extensive clinical trials 

In fact, when Cefadyl was given to patients with marked reduction in renal 
function and to renal transplant patients, no adverse effects were reported. However, 
renal status of patients should be determined prior to and during Cefadyl therapy, since 
in patients with impaired renal function, a reduced dose may be appropriate. Rises in 
BUN have been observed; their frequency increases in patients over 50 years old. 


Low incidence of venous irritation on IX. administration... 
well tolerated locally 


In controlled studies of volunteers and of patients receiving I V. Cefadyl, the 
incidence of venous irritation was low. Controlled studies in normal adult volunteers 
revealed that Cefadyl was well tolerated intramuscularly. 

Cephalosporins are reported to produce maculopapular rash, urticaria, reactions 
resembling serum-sickness and anaphylaxis. Eosinophilia and drug fever have been 
observed to be associated with other allergic reactions. These reactions are most likely 
to occur in patients with a history of allergy, particularly to penicillin. 

In penicillin-allergic patients, cephalosporins should be used with great caution. 
There is clinical and laboratory evidence of partial cross-allergenicity of the 
penicillins and the cephalosporins, and there are instances of patients who have had 
reactions to both drugs (including fatal anaphylaxis after parenteral use). 
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Anew parenteral cephalosporin from Bristol Laboratories 


CEFADYL® (sterile cephapirin sodium) 
7628 DIRO-04 March, 1974 


Description. Cefadyl (sterile cephapirin sodium) is 
a cephalosporin antibiotic intended for intramuscular 
and intravenous administration only. It is supplied as 
the sodium salt of 7-[a-(4-pyridylthio)-acetamido]- 
cephalosporanic acid. Each 500 mg. contains 1.07 
milliequivalents of sodium. 

Actions. Human Pharmacology—Following intramus- 
cular administration of single 500 mg. and 1 Gm. 
doses to normal volunteers, average peak serum levels 
of 9.0 and 16.4 mcg./ml. respectively, were attained 
at 30 minutes, declining to 0.7 and 1.0 mcg./ml. 
respectively, at 4 hours and 0.2 and 0.3 mcg./ml. 
respectively, at 6 hours. 

Cefadyl and its metabolites were excreted primarily 
by the kidneys. Antibiotic activity in the urine was 
equivalent to 35% of a 500 mg. dose 6 hours after 
I.M. injection and to 65% of a 500 mg. dose 12 hours 
after injection. Following an I.M. dose of 500 mg., 
peak urine levels averaged 900 mcg./ml. within the 
first 6 hours. 

Following rapid intravenous administration of single 
0.5 Gm., 1 Gm., and 2 Gm. doses, peak serum levels 
of 35, 67 and 129 mcg./ml. respectively, were attained 
at 5 minutes, declining to 6.7, 14.0 and 31.7 mcg./ml. 
respectively, at 30 minutes and 0.27, 0.61 and 1.11 
mcg./ml. respectively, at 3 hours. 

Seventy percent of the administered dose was 
recovered in the urine within 6 hours. Repetitive in- 
travenous administration of 1 Gm. doses over 6-hour 
periods produced serum levels between 4.5 and 5.5 
mcg./ml. 

44 to 5096 of Cefadyl is bound to human serum. The 
average serum half-life of Cefadyl in patients with 
normal renal function is approximately 36 minutes. 

The major metabolite of cephapirin is desacetyl 
cephapirin which has been shown to contribute to 
antibacterial activity. 

Controlled studies in normal adult volunteers re- 
vealed that Cefadyl was well tolerated intramuscularly. 
In controlled studies of volunteers and of patients 
receiving I.V. Cefadyl, the incidence of venous irri- 
tation was low. 

Microbiology—In vitro tests demonstrate that the 
action of cephalosporins results from inhibition of 
cell-wall synthesis. Cefadyl is active against the fol- 
lowing organisms in vitro: 

Beta-hemolytic streptococci and other streptococci. 
(Many strains of enterococci, e.g., S. faecalis, are 
relatively resistant.) Staphylococci, including coag- 
ulase-positive, coagulase-negative, penicillinase and 
non-penicillinase producing strains. Diplococcus 
pneumoniae, Haemophilus influenzae, Proteus mira- 
bilis, Escherichia coli, Klebsiella species. 

Most strains of enterobacter and indole-positive 
Proteus (P. vulgaris, P. morganii, P. rettgeri) are re- 
sistant to Cefadyl. Methicillin-resistant staphylococci, 
Serratia, Pseudomonas, Mima and Herellea species 
are almost uniformly resistant to Cefadyl. 

Disc Susceptibility Tests—Quantitative methods 
that require measurement of zone diameters give the 
most precise estimates of antibiotic susceptibility. 
One such procedure* has been recommended for use 
with discs for testing susceptibility to cephalosporin 
class antibiotics. Interpretations correlate diameters 
of the disc test with MIC values for Cefadyl. With this 
procedure, a report from the laboratory of "suscep- 
tible" indicates that the infecting organism is likely 


to respond to therapy. A report of ‘‘resistant’’ indi-, 


cates that the infecting organism is not likely to 
respond to therapy. A report of "intermediate suscep- 
tibility" suggests that the organism would be suscep- 
tible if high dosage is used, or if the infection is 
confined to tissues and fluids (e.g., urine), in which 
high antibiotic levels are attained. 

Indications. Cefadyl is indicated in the treatment of 
infections caused by susceptible strains of the fol- 
Igwing microorganisms: 

Group A beta-hemolytic streptococci: Skin and soft 
tissue infections. Respiratory infections. 

(Injectable benzathine penicillin is considered to 
be the drug of choice in treatment and prevention of 
streptococcal infections, including the prophylaxis of 
rheumatic fever. Cefadyl is effective in the eradica- 
tion of streptococci from the nasopharynx; however, 
data establishing the efficacy of Cefadyl in the sub- 
sequent prevention of rheumatic fever are not avail- 
able at present.) 

Staphylococcus aureus (penicillinase producing 

and non-penicillinase producing): Skin and soft tis- 
sue infections. Urinary tract infections. 
*Bauer, A.W., Kirby, W.M.M., Sherris, J.C., and Turck, 
M.: Antibiotic Testing by a Standardized Single Disc 
Method, Am. J. Clin. Pathol., 45:493, 1966. Standard- 
ized Disc Susceptibility Test, FEDERAL REGISTER 
37:20527-29, 1972. 


Diplococcus pneumoniae: Respiratory tract infec- 
tions. 

Haemophilus influenzae: Respiratory tract infec- 
tions. 

Escherichia coli: Urinary tract infections, skin and 
soft tissue infections and bacteremia. 

Klebsiella species: Urinary tract and respiratory 
tract infections. 

Proteus mirabilis: Urinary tract infections. 

Note: Appropriate bacteriological studies should 
be performed to identify the causative organisms and 
determine its susceptibility. Therapy may be started 
while awaiting results of these studies. 
Contraindications. Cefadyl (sterile cephapirin sodium) 
is contraindicated in patients with known allergy to 
the cephalosporin group of antibiotics. 

Warnings. IN PENICILLIN-ALLERGIC PATIENTS, 
CEPHALOSPORINS SHOULD BE USED WITH GREAT 
CAUTION. THERE IS CLINICAL AND LABORATORY 
EVIDENCE OF PARTIAL CROSS-ALLERGENICITY OF 
THE PENICILLINS AND THE CEPHALOSPORINS, 
AND THERE ARE INSTANCES OF PATIENTS WHO 
HAVE HAD REACTIONS TO BOTH DRUGS (INCLUD- 
ING FATAL ANAPHYLAXIS AFTER PARENTERAL USE). 

Any patient who has demonstrated some form of 
allergy, particularly to drugs, should receive antibi- 
otics cautiously and then only when absolutely neces- 
sary. No exceptions should be made with regard to 
Cefadyl. 





SERIOUS ANAPHYLACTOID REACTIONS REQUIRE 
IMMEDIATE EMERGENCY TREATMENT WITH EPI- 
NEPHRINE.OXYGEN, INTRAVENOUS STEROIDS, AND 
AIRWAY MANAGEMENT, INCLUDING INTUBATION, 
SHOULD ALSO BE ADMINISTERED AS INDICATED. 

Usage in Pregnancy—Safety of this product for use 
during pregnancy has not been established. 
Precautions. The renal status of the patients snould 
be determined prior to and during Cefadyl therapy, 
since in patients with impaired renal function, a re- 
duced dose may be appropriate (see Dosage, Adults). 
When Cefadyl was given to patients with marked 
reduction in renal function and to renal transplant 
patients, no adverse effects were reported. 

Prolonged use of Cefadyl may result in the over- 

growth of nonsusceptible organisms. Careful observa- 
tion of the patient is essential. If superinfection 
occurs during therapy, appropriate measures should 
be taken. 
Adverse Reactions. Hypersensitivity—Cephalosporins 
were reported to produce the following reactions: 
maculopapular rash, urticaria, reactions resembling 
serum-sickness, and anaphylaxis. Eosinophilia and 
drug fever have been observed to be associated with 
other allergic reactions. These reactions are most 
likely to occur in patients with a history of allergy, 
particularly to penicillin. 

Blood—During large scale clinical trials, rare 
instances of neutropenia, leukopenia, anemia were 
reported. Some individuals, particularly those with 
azotemia, have developed positive direct Coombs 
test during therapy with other cephalosporins. 

Liver—Elevations in SGPT or SGOT, alkaline phos- 
phatase, and bilirubin have been reported. 

Kidney—Rises in BUN have been observed; their 
frequency increases in patients over 50 years old. 
Dosage. Adu/ts—The usual dose is 500 mg. to 1 Gm. 
every 4 to 6 hours intramuscularly or intravenously. 
The lower dose of 500 mg. is adequate for certain 
infections, such as skin and soft tissue and most 


urinary tract infections. However, the higher dose is 
recommended for more serious infections. 

Very serious or life-threatening infections may re- 
quire doses up to 12 Grams daily. The intravenous 
route is preferable when high doses are indicated. 

Depending upon the causative organism and the 
severity of infection, patients with reduced renal func- 
tion (moderately severe oliguria or serum creatinine 
above 5.0 mg./100 ml.) may be treated adequately 
with a lower dose, 7.5 to 15 mg./Kg. of cephapirin 
every 12 hours. Patients with severely reduced renal 
function and who are to be dialyzed should receive 
the same dose just prior to dialysis and every 12 
hours thereafter. 

Children—The dosage is in accordance with age, 
weight and severity of infection. The recommended 
total daily dose is 40 to 80 mg./Kg. (20 to 40 mg./Ib.) 
administered in four equally divided doses. 

The drug has not been extensively studied in in- 
fants; therefore, in the treatment of children under 
the age of three months the relative benefit/risk 
should be considered. 

Therapy in beta-hemolytic streptococcal infections 
should continue for at least 10 days. 

Where indicated, surgical procedures should be 
performed in conjunction with antibiotic therapy. 
Administration. Cefadyl may be administered by the 
intramuscular or the intravenous routes. 

Intramuscular Injection—The 1 Gm. vial should be 
reconstituted with 2 ml. of Sterile Water for Injection, 
U.S.P.| Each 1.2 ml. contains 500 mg. of cephapirin. 
All injections should be deep in the muscle mass. 

Intravenous Injection—The intravenous route may 
be preferable for patients with bacteremia, septicemia, 
or other severe or life-threatening infections who may 
be poor risks because of lowered resistance resulting 
from such debilitating conditions as malnutrition, 
trauma, surgery, diabetes, heart failure, or malig- 
nancy, particularly if shock is present or impending. 
If patient has impaired renal function, a reduced dose 
may be indicated (see Dosage, Adults). In conditions 
such as septicemia, 6 to 8 Gm. per day may be given 
intravenously for several days at the beginning of 
therapy; then, depending on the clinical response 
and laboratory findings, the dosage may gradually 
be reduced. 

When the infection has been refractory to previous 
forms of treatment and multiple sites have been in- 
volved, daily doses up to 12 Gm. have been used. 

Intermittent Intravenous Injection—The contents 
of the 1 Gm. vial should be diluted with 10 ml. or 
more of diluent and administered slowly over a 3 to 5 
minute period or may be given with intravenous 
infusions. 

Intermittent Intravenous Infusion with Y-Tube— 
Intermittent intravenous infusion with a Y-type ad- 
ministration set can also be accomplished while bulk 
intravenous solutions are being infused. However, 
during infusion of the solution containing Cefadyl 
(sterile cephapirin sodium), it is desirable to discon- 
tinue the other solution. When this technique is 
employed, careful attention should be paid to the 
volume of the solution containing Cefadyl so that the 
calculated dose will be infused. 

Continuous Intravenous Infusion—After reconstitu- 

tion, Cefadyl may be added to the solutions listed 
below under Stability. The choice of solution and 
volume should be dictated by the fluid and electro- 
lyte management of the patient. 
Stability. Storage Stability: Cefadyl is stable in the 
dry state for 18 months at room temperature. After 
reconstitution, it is stable for 12 hours at room tem- 
perature and 10 days under refrigeration when recon- 
stituted with Sterile Water for Injection, U.S.P. The pH 
of the resultant solution ranges from 6.5 to 8.5. Dur- 
ing these storage conditions, no precipitation occurs. 
A change in solution color during this storage time 
does not affect the potency. 

Compatibility with the Infusion Solutions: Cefadyl 
is stable and compatible for 24 hours at room tem- 
perature at concentrations between 2 mg./ml. and 
30 mg./ml. in the following solutions: 

Sodium Chloride Injection, U.S.P., 5% W/V Dex- 
trose in Water, U.S.P., Sodium Lactate Injection, 
U.S.P., 5% Dextrose in Normal Saline, U.S.P., 10% 
Invert Sugar in Normal Saline, 10% Invert Sugar in 
Water, 5% Dextrose + 0.2% Sodium Chloride Injec- 
tion, U.S.P., Lactated Ringer’s with 5% Dextrose, 5% 
Dextrose + 0.45% Sodium Chloride Injection, U.S.P., 
Ringer's Injection, U.S.P., Lactated Ringer's Injection, 
U.S.P., 10% Dextrose Injection, U.S.P. 

Supply. Cefadyl (sterile cephapirin sodium) for I.M. er 
I.V. injection. Cephapirin sodium equivalent to 1 Gm. 
cephapirin. NDC 0015-7628-1-Gm. vial. 
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Other scrub products 
cant promise you everything. 





But PRE-OP products can: 
More suds. Better cleaning. More flexible brushes. 
Greater variety. Sterile packaging. 


Sure, some of the other scrub products | sponge-brush combination that can be as 


give you some of these benefits. But only firm or as soft as you wish. Theyre single-use 
PRE-OP products give you all of them. products, so theres no cross-contamination. 
Choose either PRE-OP" Surgical Scrub And theyre economical. too. Available with 
Sponges or PRE-OP plus— the versatile either iodophor or hexachlorophene. 


AVIS-GECK 


American Cyanamid Company 


PRE-OP Sponges and PRE-OP plus with hexachlorophene are bacteriostatic skin cleansers for surgical 
scrubbing use only. Hands should be rinsed thoroughly after use. They are impregnated with an 
anhydrous soap concentrate containing the aqueous solution equivalent of 3% w/w hexachlorophene. 
It is not intended for use on bumed or denuded skin. for routine prophylactic total body bathing. or for 
general patient care. 
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An unextreme parenteral analgesic can be preferable for the relief of moderate to 
severe pain associated with many everyday hospital situations. 
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Since clinical experience in children under 12 years of age is limited, the use of Talwin (brand of pentazocine, 
as lactate) in this age group is not recommended. Since sedation, dizziness, and occasional euphoria 
have been noted, ambulatory patients should be warned not to operate machinery, drive cars, or unnecessarily 
expose themselves to hazards. See full instructions and warnings on last page. 
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the unextreme 
injectable 


for serious pain 


Talwin doesn’t go to extremes. : 

Yet, Talwin relieves serious 
pain (moderate to severe pain) in 
the great majority of everyday 
hospital situations. 


For most serious pain — Talwin has in fact 
been shown comparable to narcotics such as 
morphine and meperidine, in analgesic efficacy... 
with less likelihood of some of the extreme ad- 
verse effects produced by the opiates in general. 

With Talwin there is a low incidence of 
respiratory depression, hypotension, urinary 
retention, and constipation. 













In moderate to severe pain 


~Talwin 


nent cine 


(as lactate) 


extremely effective for most patients 
50mg. 45mg. 60 m$. 


See important product information concerning warnings, adverse reactions, patient selection, 
prescribing and precautionary recommendations on last page of this advertisement. 








Iwin? 
and of pentazocine (as lactate) 
ialgesic f@r Parenteral Use 







Ampuls: 30 mg. (1 ml.), 45 mg. 
(1% ml.), and 60 mg. (2 ml.) 


Vials: (10 mI.) 30 mg./ml. 
30 mg. for I.V., I.M., or S.C. use 
45 mg. for I.M. or S.C. use 

60 mg. for I.M. or S.C. use 


dications: For the relief of moderate to severe 
in. Talwin may also be used for preoperative 
preanesthetic medication and as a supple- 
ant to surgical anesthesia. 
»ntraindication: Talwin should not be admin- 
ered to patients who are hypersensitive to it. 
arnings: Drug Dependence. Special care 
ould be exercised in prescribing pentazocine 
r emotionally unstable patients and for those 
th a history of drug misuse. Such patients 
ould be closely supervised when long-term 
erapy is contemplated. There have been in- 
ances of psychological and physical depend- 
ice on Talwin in patients with such a history 
id, rarely, in patients without such a history. 
yrupt discontinuance following the extended 
e of parenteral Talwin has resulted in symp- 
ms such as abdominal cramps, elevated tem- 
rature, rhinorrhea, restlessness, anxiety, and 
crimation. Even when these occurred, discon- 
nuance has been accomplished with minimal 
fficulty. In the rare patient in whom more than 
inor difficulty has been encountered, reinstitu- 
ən of parenteral Talwin with gradual withdrawal 
1s ameliorated the patient's symptoms. Sub- 
ituting methadone or other narcotics for Talwin 
the treatment of the Talwin abstinence syn- 
‘ome should be avoided. 
' prescribing parenteral Talwin for chronic use, 
articularly if the drug is to be self-administered, 
e physician should take precautions to avoid in- 
'eases in dose and frequency of injection by the 
atient and to prevent the use of the drug in an- 
cipation ofpain rather than for the relief of pain. 
ist as with all medication, the oral form of 
alwin is preferable for chronic administration. 
ead Injury and Increased Intracranial Pressure. 
he respiratory depressant effects of Talwin and 
s potential for elevating cerebrospinal fluid 
ressure may be markedly exaggerated in the 
resence of head injury, other intracranial le- 
ons, or a preexisting increase in intracranial 
ressure. Furthermore, Talwin can produce ef- 
'cts which may obscure the clinical course of 
atients with head injuries. In such patients, 
alwin must be used with extreme caution and 
nly if its use is deemed essential. 
lsage in Pregnancy. Safe use of Talwin during 
regnancy (other than labor) has not been estab- 
shed. Animal reproduction studies have not 
emonstrated teratogenic or embryotoxic ef- 
cts. However, Talwin should be administered 
) pregnant patients (other than labor) only 
rhen, in the judgment of the physician, the po- 
sntial benefits outweigh the possible hazards. 
atients receiving Talwin during labor have ex- 
erienced no adverse effects other than those 
1at occur with commonly used analgesics. 
‘alwin should be used with caution in women 
elivering premature infants. 
icute CNS Manifestations. Patients receiving 
nerapeutic doses of Talwin have experienced, 
1 rare instances, hallucinations (usually visual), 
isorientation, and confusion which have cleared 


spontaneously within a period of hours. The 
mechanism of this reaction is not known. Such 
patients should be very closely observed and 
vital signs checked. If the drug is reinstituted it 
should be done with caution since the acute 
CNS manifestations may recur. 

Usage in Children. Because clinical experience 
in children under twelve years of age is limited, 
the use of Talwin in this age group is not rec- 
ommended. 

Ambulatory Patients. Since sedation, dizziness, 
and occasional euphoria have been noted, am- 
bulatory patients should be warned not to op- 
erate machinery, drive cars, or unnecessarily 
expose themselves to hazards. 

Precautions: Certain Respiratory Conditions. The 
possibility that Talwin may cause respiratory de- 
pression should be considered in treatment of 
patients with bronchial asthma. Talwin should 
be administered only with caution and in low 
dosage to patients with respiratory depression 
(e.g., from other medication, uremia, or severe 
infection), severely limited respiratory reserve, 
obstructive respiratory conditions, or cyanosis. 
Impaired Renal or Hepatic Function. Although 
laboratory tests have not indicated that Talwin 
causes or increases renal or hepatic impairment, 
the drug should be administered with caution to 
patients with such impairment. Extensive liver 
disease appears to predispose to greater side 
effects (e.g., marked apprehension, anxiety, diz- 
ziness, sleepiness) from the usual clinical dose, 
and may be the result of decreased metabolism 
of the drug by the liver. 

Myocardial Infarction. As with all drugs, Talwin 
should be used with caution in patients with my- 
ocardial infarction who have nausea or vomiting. 
Biliary Surgery. Until further experience is 
gained with the effects of Talwin on the sphinc- 
ter of Oddi, the drug should be used with cau- 
tion in patients about to undergo surgery of the 
biliary tract. 

Patients Receiving Narcotics. Talwin is a mild 
narcotic antagonist. Some patients previously 
given narcotics, including methadone for the 
daily treatment of narcotic dependence, have 
experienced withdrawal symptoms after receiv- 
ing Talwin. 

CNS Effect. Caution should be used when Talwin 
is administered to patients prone to seizures; 
seizures have occurred in a few such patients 
in association with the use of Talwin although 
no cause and effect relationship has been estab- 
lished. 

Adverse Reactions: The most commonly occur- 
ring reactions are: nausea, dizziness or light- 
headedness, vomiting, euphoria. 

Infrequently occurring reactions are—respira- 
tory: respiratory depression, dyspnea, transient 
apnea in a small number of newborn infants 
whose mothers received Talwin during labor; 
cardiovascular: circulatory depression, shock, 
hypertension; CNS effects: sedation, alteration 
of mood (nervousness, apprehension, depres- 
sion, floating feeling), dreams; gastrointestinal: 
constipation, dry mouth; dermatologic including 
local: diaphoresis, sting on injection, flushed 
skin including plethora, dermatitis including pru- 
ritus; other: urinary retention, headache, pares- 
thesia, alterations in rate or strength of uterine 
contractions during labor. 

Rarely reported reactions include—neuromuscu- 
lar and psychiatric: muscle tremor, insomnia. 
disorientation, hallucinations; gastrointestinal: 
taste alteration, diarrhea and cramps; ophthal- 
mic: blurred vision, nystagmus, diplopia, miosis; 
hematologic: depression of white blood cells (es- 
pecially granulocytes), usually reversible and 
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injectable =. 
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usually associated with diseases or other drugs 
which are known to cause such changes, moder- 
ate transient eosinophilia; dermatologic: soft 
tissue induration, nodules, cutaneous depres- 
sion, ulceration (sloughing) at the injection site, 
toxic epidermal necrolysis; other: tachycardia, 
weakness or faintness, chills, allergic reactions 
including edema of the face. 

See Acute CNS Manifestations and Drug De- 
pendence under WARNINGS. 

Dosage and Administration: Adults, Excluding 
Patients in Labor. The recommended single 
parenteral dose is 30 mg. by intramuscular, sub- 
cutaneous, or intravenous route. This may be 
repeated every 3 to 4 hours. Doses in excess of 
30 mg. intravenously or 60 mg. intramuscularly 
or subcutaneously are not recommended. Total 
daily dosage should not exceed 360 mg. As with 
most parenteral drugs, when frequent daily in- 
jections are needed over a prolonged period, 
intramuscular administration is preferable to 
subcutaneous. In addition, constant rotation of 
injection sites (e.g., the upper outer quadrants 
of the buttocks, mid-lateral aspects of the thighs, 
and the deltoid areas) is recommended. 
Patients in Labor. A single, intramuscular 30 mg. 
dose has been most commonly administered. An 
intravenous 20 mg. dose has given adequate 
pain relief to some patients in labor when con- 
tractions become regular, and this dose may be 
given two or three times at two- to three-hour 
intervals, as needed. 

Children Under 12 Years of Age. Since clinical 
experience in children under twelve years of age 
is limited, the use of Talwin in this age group is 
not recommended. 

CAUTION. Talwin should not be mixed in the 
same syringe with soluble barbiturates because 
precipitation will occur. 

Overdosage: Manifestations. Clinical experience 
with Talwin overdosage has been insufficient to 
define the signs of this condition. 

Treatment. Oxygen, intravenous fluids, vaso- 
pressors, and other supportive measures should 
be employed as indicated. Assisted or controlled 
ventilation should also be considered. Although 
nalorphine and levallorphan are not effective 
antidotes for respiratory depression due to over- 
dosage or unusual sensitivity to Talwin, paren- 
teral naloxone (Narcan®, available through Endo 
Laboratories) is a specific and effective antago- 
nist. 

Talwin is not subject to narcotic controls. 

How Supplied: Uni-Amp'™-’.—/ndividual unit dose 
ampuls of 1 ml. (30 mg.) and 2 ml. (60 mg.) in 
boxes of 25. 

Ampuls of 1⁄2 ml. (45 mg.) in boxes of 10, 25, 
and 100. 

Each 1 ml. contains Talwin (brand of pentazo- 
cine) as lactate equivalent to 30 mg. base and 
2.8 mg. sodium chloride, in water for injection. 
Multiple dose vials of 10 ml., each 1 ml. contain- 
ing Talwin (brand of pentazocine) as lactate 
equivalent to 30 mg. base, 2 mg. acetone sodium 
bisulfite, 1.5 mg. sodium chloride, and 1 mg. 
methylparaben as preservative, in water for in- 
jection. Boxes of 1. 

The pH of Talwin solutions is adjusted between 
4 and 5 with lactic acid and sodium hydroxide. 
The air in the ampuls and vials has been dis- 
placed by nitrogen gas. 


Winthrop Laboratories, New York, N.Y. 10016 
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Vi-Drape Products help you 
improve sterile technique in 
surgery and obstetrics and reduce 
your burden of concern over 
contamination. Vi-Drape Instant 
Surgical Film, Sterile, is for fast, 
easy draping of entire surgical 
area. Self-adhering, transparent, it 
securely bonds to skin right up to 
incision edges, with incision 
through the film, thereby prevent- 
ing skin bacteria from migrating 
to wound edges. 


Vi-Drape Regular Surgical 
Film is used with a Vi-Drape spray- 
on adhesive. It, too, forms a sterile 
“second skin” that stays in place 
even during prolonged surgery. 
Especially suited for hard-to-drape 
areas and lengthy surgery. 


Vi-Drape Wound Protector 
provides a practical way to shield 
surgical wounds from visceral 
bacteria. 


Vi-Drape Intestinal Bag, 
Sterile, is a protective receptacle 
for exteriorizing intestines in major 
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applied to abdomen ready for incisi 


VI-DRAPE Wound Protector | 
inside incision 


- " A 
^. X1 a 
> 7 
- 
> 


a f+ * Ic 
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abdominal surgery. The bag is wet 
with sodium chloride solution, 
and the intestines are inserted. 
Additional sodium chloride solu- 
tion may be added for further 
protection of the intestines. Other 
suggested uses are surgical iso- 
lation of an extremity during 
surgery, and as a sterile cover for 
a microscope or camera. 


Vi-Drape Instant Vaginal Bib 
with Pouch, Sterile, securely walls 
off anal-area contamination dur- 
ing surgery. The plastic pouch 
attached to the vaginal bib catches 
and measures up to 500 ml of 
blood lost in surgery, holds speci- 
men tissue collected in diagnostic 
procedures, and protects the 
weighted speculum against con- 
tamination. 

Available through surgical supply 
dealers. Write for name of your 
nearest dealer. 


VI-DRAPE Products by 
PARKE-DAVIS 


Medical-Surgical Products Division 
PARKE, DAVIS & COMPANY, 
Detroit, Michigan 48232 
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(NOTE: Diagnostic signs from several 
patients are combined.) 


Supplementary 
vitamins in surgical 
aftercare 


Inadequate nutrition prior to surgery. 
Difficulty ingesting food because of 
pain. Inability to digest and assimilate 
food. General lack of cooperation at 
mealtime. Any or all of these reasons 
can lead to vitamin deficiency — in as 
short a time as 10 to 12 days— in the 
postoperative patient. 

As soon as oral medication is 
tolerated, therapeutic Berocca Tablets — 
balanced B-complex and C vitamins — 
can supplement inadequate dietary 
vitamin intake throughout the recovery 
period. What's more, each tablet 
provides 500 mg vitamin C — involved 
in collagen formation and tissue 
repair, among other actions. 


MEDI-SCAN Q&A 


Whats wrong with this “patient”?” 


When nutritional 
supplementation is indicated 
in surgical aftercare 


BEROCOCAT: ES 
ISTHERAPY 


With balanced, high potency 
vitamin B-complex and 500 mg vitamin C 

Virtually no odor or aftertaste 

Low priced Rx formula s 


*Diagnosis appears on next page. 


See next page for summary of Product 
Information. 





DIAGNOSIS: The complications 
of Billroth No. II are revealed in 
these illustrations: (A) Barium 
meal showing gastrojejunostomy; 
(B) Endoscopy showing gastro- 
jejunostomy ; (C) X-ray of the 
pelvis showing osteoporosis; 

(D) Flat plate of the abdomen 
showing small bowel obstruction; 
(E) Glucose tolerance test 
showing Dumping Syndrome. 


Please see complete product information, 
a summary of which follows: - 


Each Berocca Tablet contains: 
Thiamine mononitrate 


(Vitamin B4). oues uo wn 15 mg 
Riboflavin (Vitamin Bg)........ 15 mg 
Pyridoxine HCl (Vitamin Bg).... 5 mg 
Niacinamide...... r I dca qi 100 mg 
Calcium pantothenate......... 20mg 
Cyanocobalamin (Vitamin B12) .. 5 mcg 
FoliCóBCOd . 6 625.4 i reari karria 0.5 mg 
Ascorbic acid (Vitamin C)...... 500 mg 


Indications: Nutritional supplemen- 
tation in conditions in which water- 
soluble vitamins are required 
prophylactically or therapeutically. 


Warning: Not intended for treatment 
of pernicious anemia or other primary 
or secondary anemias. Neurologic 
involvement may develop or pro- 
gress, despite temporary remission 
of anemia, in patients with perni- 
cious anemia who receive more than 
0.1 mg of folic acid per day and who 
are inadequately treated with 
vitamin Bi». 

Dosage: 1 or 2 tablets daily, as indi- 
cated by clinical need. 

Available: In bottles of 100. 


ROCHE LABORATORIES 
e Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey O7110 








ATLAS 
GASTROINTE 
SURGEF 


KOMEI NAKAYAMA, 
fessor of Surgery, an 
of Institute of Gastro 
Tokyo Women’s Medic 





Here is an atlas of exception 
and surpassing beauty from 
Japanese surgeon. Dr. Naka) 
vivid, step-by-step fashion the 
that have won him internatior 


The author is a pioneer and í 
the field of esophageal surge 
his atlas is devoted to surgery 
includes a description, in min 
Nakayama's reconstruction of t 
agus using a revascularized 
bowel. In the remaining ty 
atlas you'll find operations o! 
gastrointestinal tract plus the 
duct, liver, pancreas, and sple« 


Surgical indications, pre- and p 
and complications are describe 
surgical techniques. A beauti 
atlas contains large photogr 
structions for the use of, Dr. 
struments for small vessel an 


649 Pages 1500 Illustratioi 


J. B. Lippincott Com 


East Washington Square 
Philadelphia, Pa. 19105 


Please send me: 
Atlas of Gastrointestinal Surg 
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Punetate Calcifieations 


Roughly one-third of patients with breast cancer reveal 
minute deposits of calcium by mammography. Formed most 
often within necrotic sites in intraductal carcinomas, these cal- 
cifications usually are indistinguishable from the minute calci- 
fications seen in benign disease. Only when other roentgen 
manifestations of cancer are present, in addition to the calci- 
fications, can one tell them apart with confidence. 

Characteristic of the tiny punctate calcifications sugges- 
tive of cancer is their tendency to be more numerous, more vari- 
able in size, and more irregular in outline than the calcifica- 
tions usually considered hallmarks of benign breast disease. 
Noteworthy is their tendency to be overlooked in the malig- 
nant breast. Yet, once seen, many more tend to appear abruptly. 


Figure |—Mixed Scirrhous and Papillary Comedocgarcinoma 
Mediolateral mammogram reveals innumerabl unctate 
calcifications throughout the upper half of the br@ist. Thei 
differences in size, density, and shape are striking at (a 
Note: The longer this breast is viewed the more calcifica 
tions one sees above and medial to those clustered at (a 


Figure lI—Scirrhous Adenocarcinoma. 

Craniocaudal mammogram reveals diffuse fibrocystic dis 
ease plus a small cluster of punctate calcifications (arrow 
The patient had a long history of fibrocystic disease fo 
which the mammogram was made. No masses were sus 
pected clinically. The granularity of the calcifications (a 
row) plus their marked variability in size and shape seemed 
strong roentgen evidence in favor of cancer. An excisiona 
biopsy revealed a grade 3 scirrhous adenocarcipma 1.5 
cm in diameter for which a radical E pe 
formed. Three axillary lymph nodes revealed tastatic 
disease. 


adiographs and caption material 
pm the American College of Radi- 
ogy — An Atlas of Tumor Radiol- 
yy—Yearbook Medical Publishers, 
c. Reprints of this and subse- 
ent reports available upon re- 
est. Please write Eastman Kodak 
pbmpany, Dept. 740, Radiography 
arkets Division, Rochester, New 
prk 14650. 





Figure III—Scirrhous Adenocarcinoma. 
Mediolateral mammogram reveals a host of 
tiny punctate calcifications (x) which seem to 
extend in linear fashion (arrow) toward irregu- 
lar masses (a) in the upper part of the breast. 
Pathologically, many multicentric nodules of 
grade 4 scirrhous adenocarcinoma, varying 
from 0.2 to 3 cm in diameter, were scattered 
throughout the breast. Calcifications were pres- 
ent in several small carcinoma-filled ducts. It 
is noteworthy that none of the calcifications lie 
within the major mass (a); they seem to lie in a 
carcinoma-filled duct (arrow) or one of the 
multicentric nodules (x). 


igure IV—Infiltrating Comedocarcinoma. 

A segment of a mediolateral mammogram reveals 
A discrete lesion within the center of which lies a 
luster of tiny punctate calcifications (arrow) 
hey vary markedly in size, configuration, and 
density. Radiographically, there was little doubt 
hat this was cancer, despite the smooth, round 
and well-defined outline (a) of a portion of the 
umor. 


Quality, confidence and performance. Words that mean a lot to 
us at Kodak. 

We believe in quality products .. . because we feel that when 
you see the name Kodak you should expect the kind of reliability 
that comes from years of experience in medical radiography. 

We're confident that the Kodak x-ray film you choose will do 
the job you want it to. And do it well. And also that you can be sure 
of getting the right film for the right job... whatever it may be. 

And we're always looking for new ways to enhance the perform- 
ance of all our products. That's why we worked to develop the 
KODAK X-OMATIC Films which offer you a new approach to im- 
proved image quality. And they provide the timesaving 
advantages of automatic 90-second processing. 

We'd like to help you. Contact your local Kodak 
Technical Sales Representative for more information, 
or consult your medical x-ray products dealer. 
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Dr. Philip Thorek shows you, step-by-step, 
the operative procedures he has found most 
effective in a broad range of surgical problems 


ATLAS OF SURGICAL TECHNIQUES 


By Philip Thorek, M.D., F.A.C.S., F.LCS. 
Illustrated by Carl T. Linden 


From tracheostomy to subtotal gas- 
trectomy, each procedure presented in 
this atlas has proven its advantages 
over and over again in the operating 
room. In collaboration with the bril- 
liant medical artist Carl T. Linden, 
Dr. Thorek covers the surgical prob- 
lems most frequently encountered in 
daily practice. Youll find pages de- 
voted to procedures such as hernior- 
rhaphy, splenectomy, thoracostomy, 
hemorrhoidectomy, etc. Each opera- 
tive procedure is clearly presented, 
step-by-step, on a right hand page, 
with explanatory text on the facing 
page. 

Where competitive techniques for 
given conditions exist, Dr. Thorek 
states his preferences with character- 
istic clarity and candor. Every choice 
is critically discussed and firmly sup- 


ported in the detailed presentations. 


All the illustrations are original, the 
text type is large and legible, and the 
beautiful illustrations are labelled with 
maximum clarity. The authors repu- 
tation as a medical communicator is 
once again demonstrated in this, his 
latest work. 


"Well integrated sections on anatomy 
and a generous sprinkling of technical 
pearls distinguish this short atlas, 
drawn from a long surgical experi- 
ence. . .—Journal of the American 
Medical Association. 


. an excellent production which 
should be found in every medical li- 
brary."—British Journal of Surgery. 


Every surgeon, from resident to chief 
of service, will want to include this 
atlas in his armamentarium. 


196 pages e 1970 e $22.00 


80 full pages of illustrations containing 655 figures 


J. B. LIPPINCOTT COMPANY 
East Washington Square 
Philadelphia, Pa. 19105 


Please send me: 


O ATLAS OF SURGICAL TECHNIQUES... 


Lippincott 
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Effect of Changes in Inspired Oxygen 
Tension on Wound Metabolism 


This work was prompted by earlier findings of the beneficial 
effect of increased oxvgen supply on wound healing. Enzyme 
activities in the limiting step of glycolysis, citric acid cycle 
and pentose phosphate cycle were determined in eae 
sponge implants of rats chronically breathing 12% O., air 
or 55% O.. Respiratory gas tensions arid concentrations of 
pyruvate and lactate were measured in wound fluid aspirated 
from the implants. Significant portions of repair tissue exist 
in conditions of extremely low oxygen tension. Probably 
because all added oxygen is readily consumed, the wound 
fluid PO, increased only slightly in hyperoxic environment. 
The wound PCO. increased in parallel with the inspired PO., 
probably due to enhanced production of carbon dioxide. 
Hyperoxia shifted the wound metabolism from anaerobic 
towards aerobic glycolysis. This occurred concurrently with 
activation of citric acid cycle. Succinic dehydrogenase, a 
linking enzyme between citric acid cycle and electron trans- 
fer chain, also increased with increasing oxygen tension. 
This oxygen-induced metabolical change has been previously 


. Observed in many other tissues. 


M 


pe METABOLISM of healing tissues gained prac- 
tical importance after it was shown that repair 
processes respond to changes in arterial oxygen tension. 
An improvement in the supply of available oxygen pro- 
motes healing in both soft tissue wounds and frac- 
türes,5.9,16,23,27 Conversely, reduction in oxygen tension 
impedes repair processes.5:8.3.17 

The supply of oxygen at the healing edge is extremely 
precarious. Oxygen gradients are steep between the 
capillary and the healing tissue a few microns away 
and significant portions of any injured tissue exist in 
conditions of low oxygen tensions.378?? Obviously, this 
is not optimal for healing since the rate of collagen 


` Submitted for publication July 3, 1973. 

Supported in part by contract no. DAJA37-72- C-1573 for the 
US. Aimy through its European Research Office. 
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Surgery, University of Turku, 20520 Turku 52, Finland. 
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accumulation has been shown to be directly proportional 
to the amount of oxygen delivered to the wound5.8 

Although local dynamics of extracellular oxygen in 
wounds are well described, knowledge of the cellular 
mechanism is still sparse. During prolonged hyperoxia 
fibroblasts do. not increase in number but they possess 
increased amounts of ribonucleic acid and may have, 
therefore, a greater capacity for protein synthesis.?1? In 
normal wounds the phase of fibroblast proliferation is 
characterized by a relatively high activity of pentose 
phosphate cycle, whereas glycolysis dominates during" 
.the synthesis of collagen. In hyperoxia collagen syn- 
thesis has increased in parallel with the utilization of 
glucose. 

Despite the accumulating evidence it has been difficult 
for many to accept that conditions in wounds may not 
be optimal for healing and that “super-normal” healing 


_can be induced by merely elevating the oxygen supply 


to the repair area. Therefore, this study was undertaken 
to test the energy metabolism of wound cells as affected 
by chronic exposure to normal, high, and low oxygen 
tensions in an experimental model, the implanted cel- 
lulose sponge cylinder; to investigate the effects of 
oxygen supply on granulation tissue enzymes in limiting 
steps of glycolysis, pentose phosphate cycle and citric 
acid cycle; and to measure the changes of respiratory 
gases, pyruvate and làctate in the wound produced by 
chronic exposure to low and high ambient oxygen ten- 
sions. 


Methods 


Viscose cellulose sponge (Visella, Sáteri Oy, Valkea- 
koski, Finland) was used as an inductive matrix 
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for repair tissue, as described by Niinikoski and co- 
workers. The material was cut into cylindrical pieces, 
50 mm long and 10 mm in diameter, and a tunnel 3 mm 
in diameter was made through the center of the sponge. 
Silicone rubber discs (10 mm in diameter and 2 mm 
thick) were stitched onto both ends of the sponge to 
create a stable dead space. This dead space fills with 
wound fluid which can be removed anc analyzed at will. 
The cylinders were sterilized by boiling for 30 min in 
physiological saline solution prior to implantation. An 
incision, 3 cm long, was made in the dorsal midline of 
male Wistar rats weighing 160-180 gm and two cylinders 
were implanted longitudinally under the skin, one on 
each flank. The skin wound was closed with silk sutures. 
Implantations were performed with ether anesthesia 
under clean but not strictly sterile conditions. 

Thirty rats were studied in three groups of ten. Imme- 
diately after implantation the first group was exposed 
to 12% Os, the second group to 55% Os, and the control 
group to air. All the animals were housed in transparent 
Perspex containers, volume about 23 1, the floors of which 
were covered with wood shavings. Five rats were kept 
in each container. 

Gases were supplied to the containers at atmospheric 
pressure and the flow rates were adjusted to 5 1 per 
minute. The gas concentrations inside the chambers 
were checked twice a week. Oxygen concentrations in 
the clfambers varied between 11.9 and 12.4% in the 
hypoxic group, between 51.6 and 59.82 in the hyperoxic 
group and between 19.7 and 20.8% in the air group. The 
CO; level remained below 0.5%. The relative humidity 
*was between 70 and 85% and the temperature approxi- 
mately 1 C above room temperature (about 20 C). 
The chambers were opened once a day for approxi- 
mately 5 minutes for feeding and cleaning. Drinking 
water and food pellets were supplied ad lib. 

On the 7th, 11th and 16th day fter implantation, sam- 
ples of wound fluid were aspirated from the granulomas 
as described by Niinikoski and coworkers..!? Without 
interruption of exposure to different oxygen tensions 
` 2-3 ml of fluid were collected from each implant using 
sterile hypodermic needles. The PO; of the wound fluid 
was mieasured in a Clark-type oxygen electrode and the 
PCO, was determined in a Severinghaus carbon dioxide 
electrode at 37 C. Zero adjustment of the O, electrode 
was obtained with gaseous nitrogen and the calibration 
took place with aerated saline, PO» 150 mm Hg. The 
CO; electrode was calibrated with two moistened gas 
mixtures of known carbon dioxide tensions (26 and 
57 mm Hg). 

For determinations of wound fluid pyruvate and lac- 
tate, 1 ml aliquot of fluid was deproteinized by adding 
an equal volume of 1.0 M perchloric acid. Pyruvate 
and lactate were determined by the standard enzymatic 
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methods (C. P. Boehringer & Soehne GmbH, Germany 
Biochemical Test Combination) using a Beckman DL 
spectrophotometer. 

Seventeen days after implantation the rats were de 
capitated. The implants were removed and frozen imme 
diately to —20 C. For the measurements of enzyme 
activities each implant was homogenized in 15 ml of 
ice-cold 0.9% sodium chloride solution for 4-5 sec. ir 
an Ultra-Turrax TP 18/2N homogenizer (Janke à 
Kunkel KG, Germany) and the mixture was centrifugec 
for 15 min. at 600 G. An aliquot of 1.1 ml of the super- 
natant was used for the measurements of total enzyme 
activities?* and the amount of DNA in the implant 
was determined from the remaining supernatant anc 
the sediment? 

The enzyme activities were calculated as internationa 
units per milligram of DNA to demonstrate the oxygen: 
induced metabolic changes at cellular level. All enzy- 
matic determinations were carried out according tc 
original methods. Hexokinase,? pyruvate kinase? anc 
lactate dehydrogenase? were used to represent the 
enzymes of glycolytic pathway. The activities of 6-phos- 
phogluconate dehydrogenase and glucose 6-phosphate 
dehydrogenase reflected the function.of pentose phos- 
phate cycle? NADP ‘dependent isocitrate ` dehydro- 
genase,!* malate dehydrogenase and succinic dehy. 
drogenase* represented the enzymes of citric acid cycle. 

The enzyme activities were measured at 30 C using 
a thermostatically controlled Unicam SP 800 recording 
spectrometer. For the determination of succinate . de- 
hydrogenase 600 „m absorption maximum of 2,4-di- 
chlorophenolindophenol was used. The other methods 
were based on the measurement of 340 um absorption 
band of NADH or NADPH. 


| Results | 

All rats gained weight during the study (Fig. 1). In 
12% Os the increase in rat weight was only 50% of that 
in the other groups. No deaths occurred during the 
exposure and all implants remained uninfected. 

In the early phases of healing the dead space PO; 
was almost zero (Fig. 2). On the 16th day the highest 
wound oxygen tensions were observed in rats breathing 
55% Os and the lowest tensions in rats breathing 12% Os. 
However, the differences were not statistically significant. 

The higher the inhaled oxygen concentration the 
higher the wound fluid PCO» (Fig. 3). Seven days after 
implantation the mean PCO. was 121 mm Hg in 55% 
Oz, 96 mm. Hg in the controls and 84 mm Hg in 12% O» 
(p < 0,001; analysis of variance). On the llth day 
there was an overall decrease in PCO; values and on 
the 16th day the carbon dioxide tensions almost reached 
the 7-day values. 

As healing progressed the pyruvate concentratione 


0 2 21 ~ 55 %0, 


Fic. 1. Graph depicting the weight gain of rats during 17-day 
exposure to various oxygen concentrations. 


increased, Fig. 4). In hypoxia the values remained 
significantly below the control level (p « 0.05 for 16-day 
wounds: t-test). 

Changes in inspired oxygen were clearly reflected in 
the concentrations of lactate (Fig. 5) which declined 
in hyperoxia. and increased in hypoxia (p « 0.01 for 
ll- and 16-day wounds, analysis of variance). 

Lactate/pyruvate ratios usually declined as healing 
progressed (Fig. 6). However, in 12% Os the values re- 
mained elevated throughout the observation period (p « 
0.05 for I'l-day wounds and p < 0.001 for 16-day wounds; 
t-test). 

Seventeen days after implantation the amounts of 
DNA showed no marked changes between the three 
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Fic. 2. Effect of changes in inspired oxygen tension on wound 
. fluid PO; 
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Fic. 3. Effect of changes in inspired oxygen tension on wound 
uid PCO., 


groups and the mean values varied from 8.2 to 8.7 mg 
per implant (Fig. 7). 

Increase in the ambient oxygen tension caused a pro- 
gressive rise in the activity of pyruvic kinase and a de- 
cline in lactate dehydrogenase (Fig. 8). In the analysis 
of variance these changes were statistically significant 
(p « 0.001 for pyruvic kinase and p < 0.05 for lactate 
dehydrogenase). Hexokinase activities were sligbtly de- 
creased in hypoxia. 

Glucose 6-phosphate dehydrogenase and 6-phospho- 
gluconate dehydrogenase showed no marked changes be- 
tween various oxygen concentrations (Fig. 9). i 

As shown in Fig. 10, isocitrate dehydrogenase and 


m mol/l 
0,16 
{ = MEAN + 1 SEM 
0.14 
AIR 
a 55% 0 
o wd 

Š 042 
m | 
a 
>. 
a 
o 00 i 12 % 05 
D 
x) 
OQ 0,08 ‘ 
2 
© 
x 

0,06 5 

s 
-———— 
0 7 11 16 DAYS 


Fic. 4. Effect of changes in inspired oxygen tension on wound 
uid pyruvate. 


892 e 
m mol/' 
8 


[- MEAN +1 SEM 


: m 





WOUND FLUID LACTATE 
e 


(€ 


T 


LA O 
0 7 11 16 DAYS 


Fic. 5. Effect of changes in inspired oxygen tension on wound 
fluid lactate. 


malate dehydrogenase remained unchanged whereas suc- 
cinic dehydrogenase increased in parallel with the in- 
spired oxygen tension (p « 0.001; analysis of variance). 


Discussion 


Wound. Model 

The biochemistry of the wound model used in the pres- 
ent study has been thoroughly investigated.1:7.°°° The 
composition of wound fluid filling the central dead space 
has also been extensively studied.11:17-19.26 


Effect of Oxygen on Wound Healing 


Niinikoski? has shown that accumulation of collagen 
. and the amount of ribonucleic acid produced in cellulose 
sponges in rats are decreased by hypoxia and increased 
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Fic. 6. Effect of changes in inspired oxygen tension on wound 
fluid lactate/pyruvate ratio. 


VIHERSAARI, KIVISAARI AND NIINIKOSKI 


mg 
9,5 
| = MEAN ż 1 SEM 


9,0 


— I — e — ——M—  — — P 


0 12 2 55 %0, 


Fic. 7. Effect of changes in inspired oxygen tension on the amount 
of DNA in experimental granulation tissue. The determinations 
were carried out 17 days postimplantation. 


by hyperoxia, reaching a peak at 70% ambient oxygen at 
one atmosphere pressure and decreasing again during 
constant exposure to higher oxygen tensions. Wound ten- 
sile strength also varied according to ambient oxygen 
tension so that 70% Oz increased the tensile strength by 
30%. The beneficial effect of oxygen on wound healing 
was confirmed by Hunt and his colleagues.®** They 
found that collagen synthesis in healing wounds increased 
above normal in hyperoxia and that collagen accumula- 
tion is roughly proportional to the arterial blood PO; at 
nontoxic ambient oxygen tensions. 


Wound PO, 
The mechanism of the effect of hyperoxia has been 


suggested by observations on wound gases. It has been . 


demonstrated that when arterial PO; is elevated the mean 
capillary PO, rises, more oxygen reaches wound tissue 
and the arterial capillary-tissue oxygen gradient in- 
creases,51939822 According to Hunt and Pai? the only 
way to explain the increased tissue gradient is that cells 
at the advancing edge of granulation tissue are not con- 
suming as much oxygen as they can. If more oxygen is 
presented to the wound, more is used. 

Niinikoski and Kulonen?:9 demonstrated that the ratio 
RNA/DNA of wound cells increases during chronic hy- 
peroxia. This suggests that the fibroblasts can increase 
their synthetic apparatus if added oxygen is available. 


Hunt and Pai* reasoned that the change in the ratio. 


RNA/DNA takes time and predicts that the immediate 
increment in wound PO; after a few hours of exposure 
to oxygen would be greater than that found after days of 
exposure. Results obtained were consistent with the hy- 
pothesis. The 4 to 8-hour response of wound fluid PO; to 
45% Os ten days after wounding was 8 mm Hg. If the 
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Fic. 8. Effect of changes in inspired oxygen tension on the activi- 
ties of hexokinase, pyruvate kinase and lactate dehydrogenase in 
experimental granulation tissue. The determinations were carried 


out 17 days postimplantation. 


_ exposure was continued for 10 to 15 days, the arterial 


PO; remained high but the wound increment from con- 
trols was only 3 mm Hg.5 Studies with cellulose sponge 
implants agree fully with these findings. Chronic expo- 
sure to various oxygen concentrations had only slight in- 
fluence on the wound PO; on the 16th day (Fig. 2). In 
55% Os the increment was only 2 mm Hg whereas an 
acute exposure to 50% Oz increased the PO; of cellulose 
sponge implants by 20 mm Hg.!? 


Wound PCO; 


The measurements of wound fluid carbon dioxide ( Fig. 
3) give further clarification on the mechanism of the ac- 
Hon of oxygen. The increase in wound fluid PCO; with 
hyperoxia could be due to enhanced production of car- 
bon dioxide. Other possible factors for the increased 
PCO» would be oxygen-induced vasoconstriction, hypo- 
ventilation and decreased carbon dioxide-carrying capac- 
ity of hemoglobin due to hyperoxygenation. Vasoconstric- 
tion is small in 55% oxygen.” Arterial blood PCO», remains 
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unchanged or rises slightly with increasing ambient oxy- 
gen but the increase is much smaller than that found in 
the wound.5 The Bohr effect does not pertain, since 
breathing of 55% oxygen does not increase the PO» in 
mixed venous blood.? Therefore, the elevated PCO: 
probably results from increased oxygen utilization and 
carbon dioxide production by wound tissue. The overall 
decline of PCO, values on the lith day coincides with 
the time when cell proliferation is diminishing and the 
most active collagen synthesis is started.? 


Effect of Oxygen on Granulation Tissue DNA 


Increase in the respiratory oxygen concentration from 
12 to 55% Os had no significant effect on the amount of 
DNA in granulation tissue (Fig. 7). This agrees with 
earlier observations on cellulose sponge implants? and 
suggests that under conditions studied cell proliferation 
occurred at even rates. On the other hand, chronic ex- 
posure to 702 Os is known to decrease the amount of 
DNA in repair tissue? 


Effect of Oxygen on Wound Metabolism 


In normal wounds glycolysis dominates during the syn- 
thesis of collagen.” In glycolysis no oxygen is consumed 
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Fic. 9. Effect of changes in inspired oxygen tension on the activi- 
ties of glucose 6-phosphate dehydrogenase and 6-phospho- 
gluconate dehydrogenase in experimental granulation tissue, The 
determinations were carried out 17 days postimplantation. 
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in the overall process, glucose to lactate. Niinikoski® 
showed that consumption of glucose in the wound in- 
creases with increasing oxygen tension. This agrees with 
the observations that the activity of hexokinase was de- 
creased in hypoxia and that the activity of pyruvic kinase 
increased with increasing oxygen tension (Fig. 8). 

In hypoxia the amount of wound fluid pyruvate de- 
creased markedly (Fig. 4) probably due to increased re- 
duction to lactate (Fig. 5). Correspondingly, formation 
of lactate was inhibited in hyperoxia. In most tissues 
when the oxygen supply is not limiting pyruvic acid is 
oxidatively decarboxylated to acetyl CoA and carbon 
dioxide. The measurements of wound fluid PCO, (Fig. 
3), pyruvate kinase and lactate dehydrogenase (Fig. 8) 
suggest that this phenomenon also occurs in wounds. 

Formation of acetyl CoA from pyruvic acid and coen- 
zyme A is essentially irreversible reaction. Acetyl CoA 
may be used in a variety of reactions, but its major fate 
is condensation with oxaloacetate to form citrate, the 
initial step in oxidation via citric acid cycle. This cycle 
occurs in mitochondria and provides electrons to the 
transport system that accomplishes reduction of oxygen 
while generating ATP. Measurements of the activities of 
citric acid cycle enzymes suggest that in granulation tis- 
sue oxygen supply has a regulatory effect on succinic 
dehydrogenase, a linking enzyme and important rate 
modifier between citric acid cycle and electron transfer 
chain ¥ Fig. 10). This effect is probably indirect and de- 
pends on the levels of ADP and substrates. The effect of 
oxygen on peroxidases was not determined. 

Because of limited oxygen supply significant portions 

*of healing wounds probably exist in chronic lack of en- 
ergy. Hyperoxia shifts the wound metabolism towards 
aerobic glycolysis. This occurs in parallel with the activa- 
tion of citric acid cycle. It is possible that this oxygen- 
induced change in cellular metabolism, i.e. the Pasteur 
effect, forms one of the basic mechanisms leading to en- 
hanced healing. Other factors may also be involved: 
increased mean capillary PO; increases the amount of 
oxygen that reaches the cells at the advancing edge of 
granulation tissue. Therefore, these cells can migrate 
farther, can retain their synthetic capability farther from 
the most distal capillary, and some cells can develop an 
increased synthetic capability allowing faster advance- 
ment of vascular supply and faster closure of wound 
defect." 

In addition to oxygen, the supply of substrates is of 
vital importance for healing. If the Pasteur effect per- 
tains, it indicates that in hyperoxic environment lactic 
acid is oxidized to carbon dioxide and water, and the 
energy yield per molecule of glucose is considerably in- 
creased. Hence, the energy needs of the cell can be met 
by consumption of considerably less glucose. In spite of 
this the granulation tissue consumes increased amounts 
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Fic. 10. Effect of changes in inspired oxygen tension on the 
activities of isocitrate dehydrogenase, malate dehydrogenase and 
succinate dehydrogenase in experimental granulation tissue. The 
determinations were carried out 17 days postimplantation. 


of glucose if added oxygen is available. It is possible 
that cells in the vicinity of the capillary consume glucose 
so extensively that the supply to the most peripheral cells 
is limited. This imbalance could probably be corrected 
by increasing the mean capillary POs which would de- 
crease the glucose utilization of cells adjacent to capil- 
laries. Relatively more glucose would then be available 
for the most peripheral cells at hypoxic areas. This could 
explain the elevated glucose consumption in the wound 
at increased oxygen supply. 
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Long Term Results of Gastrectomy with Respect to 
Blood Lipids, Blood Pressure, Weight and Living Habits 


GARY A. GLOBER, M.D.,* GEORGE G. RHOADS, M.D., M.P.H., 


A sample of ambulant Japanese-American men (ages 45-69 
years), was divided into those having a previous partial 
gastrectomy and a control non-gastrectomy population. 
Three-hundred-and-forty-seven men with a history of partial 
gastrectomy weighed less and had lower values for serum 
cholesterol, triglyceride, and blood pressure than did the 
control population of 7,598 men. The depressed lipid and 
blood pressure values could not be entirely explained by 
the reduced weight. Likewise, none of these differences 
appeared related to diet or living habits. Those operated 
on for gastric ulcer had, on the average, lower systolic pres- 
sures than duodenal ulcer patients and those with gastro- 
jejunal anastamoses had lower cholesterol levels than patients 
with a gastroduodenostomy. 

* 


T HE PATHOPHYSIOLOGICAL SEQUELAE of partial gastrec- 
tomy include weight loss, anemia, fat malabsorp- 
tion, and abnormalities of bone and carbohydrate me- 
tabolism.?.4,7.9-11,18,16-18,22,25-28,33 "The pathogenesis of 
these sequelae is complex, involving potentially inter- 
acting factors such as the type of surgery and living 
habits of the patient. In general, followup studies of 
gastrectomy have given an incomplete picture of the 
extent to which patients differ from normal populations 
in terms of diet, physical activity, alcohol ingestion and 
smoking, either because they have focused on symptom- 
atic individuals or because they have been based in 
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surgical referral centers where it is often difficult to 
obtain a truly appropriate control group. 

We have examined a general population of Japanese- 
American men in Honolulu. Those who had undergone 
partial gastrectomy for benign disease were identified 
and, in this first report, are compared to the rest of the 
cohort with respect to selected physiologic variables and 
living habits. Patients from all of the major community 
hospitals in and around Honolulu are included so that 
these data should reasonably represent some of the ad- ` 
justments made by average patients over the long term. 
In addition, we have separately analyzed the results by 
location of ulcer, type of anastomosis, and extent of 
gastric resection. 


Methods 


The Honolulu Heart Study is following a cohort of 
men of Japanese ancestry born between 1900 and 1919, 
who were non-institutionalized residents of Oahu in 
1965. Their names were obtained through 1940-42 Selec- 
tive Service Registration records. Of 11,148 men who 
were located, 9,878 answered mailed questionnaires, and 
8,006 of these men were examined between 1965 and 
1968.34 . 

The men were questioned specifically about any past 
history of gastric surgery, and an attempt was made to 
review the hospital records for each of the positive re- 
sponses, Excluded from analysis were cases in which the 
hospital records could not be located, the diagnosis was 
malignancy, or no gastric tissue was removed. In order 
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to obviate the acute effects of surgery, cases having 
gastric resection within one year prior to examination 
were also excluded. The 7,598 subjects who gave no 
history of gastric surgery comprised the control pcpula- 
tion. 

The following physical variables were measured dur- 
ing.the examination: weight, height, subscapular skin 
fold thickness, and blood pressure. Dietary history was 
elicited by a registered dietician using a 24-hour recall 
method.? Basic demographic data and usual habits with 
regard to physical activity, alcohol, and tobacco were 
ascertained. Nonfasting blood was taken for determina- 
tion of ‘hematocrit, cholesterol, and triglyceride.” Weight 
estimates for the years 1940-42 were obtained from the 
Selective Service records. 

In the following analysis we have made considerable 
use of age-adjusted means because they are a convenient 
way of summarizing the data. Differences limited to one 
part of the age spectrum can be obscured by such sum- 
mary statistics, but the significant differences reported 
here appear to reflect trends across the whole (45-69) 
age span. Age adjustments were done in 5-year age 
groups using the whole population as the standard. 
T-tests on the age-adjusted means were carried out 
according to Armitage. s 


Results 


Of the 8,006 examined men, 347 qualified for inclusion 
in the study as partial gastrectomy subjects. The number 
of years between surgery and the examination varied 
from one to 32 years, the mean being 7.3 years. À break- 
down by diagnosis and type of surgery is given in 
Table 1. Of these men, 33.72 were operated for duodenal 
ulcer, 58.2% for gastric ulcer, 4.3% for combined duodenal 
and gastric ulcers, 3.2% for hemorrhagic gastritis and in 
only 0.6% was the diagnosis not determined. A gastro- 
duodenal anastomosis was done in 171 (49.3%) and 169 
(48.7%) had gastrojejunal anastomoses. The exact type 
of reconstruction could not be determined from the 
records in 7 of the 347 patients. | 

Of the total surgical group, 18.2% had a vagotomy 
performed as well. The presence or absence of vagotomy 
could not be ascertained in 16 cases (4.6%).‘Sufficient 
information to evaluate the amount of stomach remcved 
was available in 234 (67.4%) of the patients. Within this 
group, 76.7% had at least half of their stomach removed 
. and 41.0% had two-thirds or more removed. 

The educational background of the surgical group is 
very similar to the general population (Table 2). Small 
differences in occupation were noted, the partial gas- 
trectomy group being slightly under-represented among 
the skilled workers, foremen, and managerial groups, and 
slightly over-represented among the unskilled workers 
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TABLE 1. Partial Gastrectomy Patients by Underlying Disease, Type 
of Anastomosts, and Extent of Resection 
Other, 
Amount of Combined 
Site of Stomach Gastric Duodenal and 
Anastomosis Resected Ulcer Ulcer Unknown Total 
Duodenum Allcases 124 35 12 171 
<2/3 . 60 18 5 83 
>2/3 34 8 3 45 
Unknown 30 9 4 43 
Jejunum All cases 76 78 15 169 
<2/3 27 26 2 55 
> 2/3 18 26 7 51 
Unknown 3] 26 6 63 
Unknown Unknown 2 4 1 7 
Total 202 117 28 347 


and clerks. Age-adjusted comparisons of certain physical 
and biochemical attributes between the gastrectomy 
subjects and the control population are shown in Table 
3. The mean weights were quite similar in 1940-42, but, 
subsequently, the control population gained an average 
of 10.5 pounds, whereas the mean weight of the gas- 
trectomy men was similar to that recorded in 1940-42. 
There was a statistically, but not clinically, significant 
difference for hematocrit between the two groups. Cho- 
lesterol, triglycerides and both systolic and diastolic 
blood pressures were lower in the gastrectomy, group. 
No difference in the index of physical activity was dem- 
onstrated in the univariate analysis. 

The intake of the various nutrients tabulated was al- 
most identical in the two groups (Table 4). The gas- 
trectomy subjects consumed more caffeine on the average 
than did the controls. Analysis of the types of alcoholic 
beverages showed that the surgical subjects tended to 
drink more beer and less liquor than did the controls 


TABLE 2. Education and Occupation Among Men With and Without 
a Partial Gastrectomy 


Gastrectomy Normal 
Subjects Population 
N % N 06 
Highest Educational Level l 
Primary school 18 5.2 462 6.1 
Junior high school 163 47.0 3392 44.7 
Senior high school 126 36.3 2635 34.7 
Technical school or university — 40 11.5 1107 14.6 
Present Occupation 
Unskilled and semi- . 
skilled workers 64 18.4 1128 14.8 
Skilled workers and foremen 140 40.3 3756 49.4 
Clerical and sales workers 75 21.6 1330 17.5 
Managerial and 
professional men 23 6.6 698 9.2 
Farmers, retired, unemployed, 
and other men 45 13.0 687 9.0 
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TABLE 3. Attributes of Normal Men and of Gastrectomy Subjects by Ulcer Location and by Type of Anastomosis 
(A ge-Adjusted Means) 
Gastrectomy Subjects Only 
Ulcer Location Anastomosis 
Normal — ; 
Population All Gastrectomy Gastric Duodenal Duodenum Jejunum 

(7598) Subjects (347) (202) (117) (171) (169) 
Height (in) 64.1* 64.4 64.3 64.5 64.2 64.6 
Weight in 1940-1942 (1b) 129.6 130.0 129.4 130.9 129.1 131.1 
Weight in 1965-1968 (Ib) 140.11 129.6 128.6 130.6 128.2 130.6 
Back skinfold (mm) 16.71 13:2 12.8 13.6 12.9 13.2 
Hematocrit (95) 44.71 44.0 43.8 44.4 44.3 43.8 
Sertim cholesterol (mg%) 219.1f 204.4 204.3 205.4 208 . 8* 199.4 
Serum triglyceride (mg%) 233.01 189.3 187.4 185.5 196.2 184.2 
Systolic blood pressure (mmHg) 137.31 131.4 128.7* 135.1 132.2 130.8 
: Diastolic blood pressure (mmHg) 82.91 77.7 77.2 78.2 78.4 71.2 
Cigarettes per dayt 10.1] 14.4 15.9* 12.3 14.3 14.7 
Physical activity index 32.8 32.5 32.5 32.4 32.8 32.0 


Asterisks and daggers indicate significant differences (by t-test) between the two adjacent age adju usted means. *p < .05 fp < .001 


ł Includes non-smokers. 
Figures in parentheses indicate number of men tabulated. 


(Table 4), although the total intake of alcohol did not 
differ between the two groups. Of the gastrectomy group, 
61.1% were cigarette smokers at the time of the Honolulu 
Heart Study examination; 26.5% were past smokers and 
12.4% had never smoked. This compares to 49.6%, 25.9%, 
and 31.5% respectively, in the control population. Among 
the smokers, there was no difference in average number 
of cigarettes smoked per day between the surgical and 
control groups. 

Two tests of the statistical independence of these find- 
ings were carried out. First, since systolic and diastolic 
blood pressure, cholesterol, and triglycerides are known 


to be correlates of obesity, a weight, height and ` age~ 


matched control group of 347 men was selected from 
the larger non-operated population. Comparing the gas- 
trectomy subjects with this control group, all four of the 
lipid and blood pressure differences persisted at a sig- 
nificant level. Second, the interdependence of the many 
variables included in Tables 3 and 4 was analyzed by a 
discriminant analysis (Table 5). This is a reasonably 
satisfactory statistical procedure for deciding if a given 
variable still differs significantly between two groups of 
subjects after taking other variables into account.? The 
significant t-values in the table suggest that the differ- 
ences in cholesterol and diastolic blood pressure between 
gastrectomy and non-gastrectomy subjects persist even 
after adjusting for age, height, weight change, and al- 
cohol and tobacco habits. The -difference in triglyceride 
is not significant when its association with cholesterol is 
taken into account; nor is the difference in systolic blood 
pressure significant after accounting for its correlation 
with the diastolic pressure. It is of interest that the 
slightly greater physical activity of the control group 
becomes significant in ine multivariate setting. 


r 


Univariate and multivariate analyses were carried out 
to ascertain whether the site of ulcer, type of anastomosis 
at surgery, proportion of stomach removed, presence or 
absence of vagotomy, or number of years since surgery 
had any major effect on the physiologic variables under 
consideration. No such effects could be demonstrated 
for vagotomy or for elapsed time since surgery. How- 
ever, differences by ulcer site and type of anastamosis 
were noted (Tables 3 and 4). The gastric ulcer patients 
were found to have lower systolic blood pressures than 
the duodenal ulcer patients. No difference in weight was 


found which could account for this. Comparison be- 


tween the duodenal and. jejunal anastomoses revealed 
lower cholesterol levels among those with gastrojejunos- 
tomy, which could not be explained in terms of dietary 
or body weight differences. 

Those with more than two-thirds of their stomachs 
resected weighed less than did men with smaller resec- 
tions, but the difference was not statistically significant 
(Table 6). There appeared to be no important differ- 
ences in any of the other physiologic variables, but the 
men with larger resections smoked significantly less and 
ate less fat than the others. Not shown in the table are 
drinking habits which. did not differ significantly be- 
tween the two groups. i 


Discussion 


In general, the subjects for the entire Honolulu Heart 
Study tended to be asymptomatic as illness was found 
to be one reason for not volunteering for the project.** 
This same selection process appeared to apply to the 
surgical patients as it was our clinical impression that 
they had very little in the way of "dumping" symptoms.* 
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TABLE 4. Intakes of Selected Nutrients and Alcoholic Beverages for Normal Men and for Gastrectomy Subjects by Ulcer Location and by Type 
of Anastomosis (A ge-Adjusted Means) 


Ulcer Location Anastomosis 
Normal 
Population All Gastrectomy Gastric Duodenal Duodenum Jejunum 
(7598) Subjects (347) (202) (117) (171) (169) 
24 Hour Recall Data 
No. of Meals and Snacks 4.8 5.2 5.2 5.2 5.2 5.3 
Calories 2270 2290 2330 2240 2230 2340 
Protein (gm) 94.0 92.9 92.6 94.2 90.7 95.0 
Total Fat (gm) 85.2 83.5 85.5 81.7 82.6 83.5 
Saturated Fatty Acids (gm) 31.4 30.8 31:2 30.6 30.4 30.9 
Polyunsaturated Fatty Acids (gm) 15.3 15.0 15.5 14.3 15.0 14.6 
Total Carbohydrate (gm) 260 265 271 253 261 268 
Cholesterol (mg) 545 558 562 552 549 - 562 
Alcohol (gm) 13.2 15.6 14.8 17.0 12.0 19.0 
Caffeine (mg) 437* 482 495 470 470 499 
Usual Intake of: 
Beer (oz/mo)t 251t 370 409 308 298 429 : 
Wine (oz/mo)i 9.0 .8.2 10.8 6.2 10.3 6.7 
Liquor (oz/mo)i 9.31 5.0 3.8 6.0 2.5* 7:5 


‘Gastrectomy Subjects Only 


Asterisks indicate significant differences (by t-test) between the two adjacent age-adjusted means. *p < .05 tp < .001 


t Includes non-drinkers. 
Figures in parentheses indicate number of men tabulated. 


Indeed, despite their underlying ulcer disease and sub- 
sequent surgery, the gastrectomy individuals did not 
differ from the general population with respect to physi- 
cal activity or ingestion of the major nutrients. 
However, even with these similarities and lack of 
symptoms, the partially gastrectomized men weighed 


less and had lower blood pressure and serum lipids than - 


the general population. The highly significant difference 
in skin fold thickness suggests that the low weight was 
due primarily to the absence of excess fat, though some 
reduction in lean body mass could not be ruled out. 
. Seventy-one per cent of the men had a weight below 
the median for the general population. 

Postlethwait et al.” and Wheldon et al5? have empha- 


sized that the most important etiologic factor in the. 


weight loss is diminished caloric intake. However, as 
there were no dietary differences between cases and 
controls, the reduction of weight in the surgical cases in 
this population would appear to be due to malabsorp- 


tion of the ingested nutrients. The lower serum choles- . 


terol among the men with a gastrojejunostomy is con- 
sistent with malabsorption as this anastomosis is more 
often associated with disturbances of lipid absorption 
than is gastroduodenostomy.19:?! The persistence of lower 
lipid levels in the gastrectomy patients even after con- 
trolling for weight and diet is also suggestive of mal- 
absorption. 


Low blood pressures in peptic ulcer patients have 


been described;!*?t but the reports did not state what 
proportion of their cases had had a partial gastrectomy. 


Therefore, the underlying ulcer diathesis (especially gas- - 


tric ulcer) may account for the weight adjusted blood 
pressure differences between the gastrectomy cases and 
the normal population. The higher blood pressure in the 
controls is not expected on the basis of their greater skin 
fold thickness, since the association of blood pressure 
with obesity has been shown not to be an artifact due 
to arm circumference? The lower systolic blood pres- 
sures in gastric ulcer cases compared to duodenal ulcers, 
to our knowledge, has not been previously reported. e 

A greater proportion of the gastrectomy individuals 
smoked than did individuals in the control population. 
An association has been shown between smoking and 
peptic ulcer diseases,®*° but it is not clear as to whether 
this relationship is causal in nature or indirect. The sub- 
stantial difference in cigarette smoking between the op- 
erated and non-operated men raises the issue of whether 
the decreased weight, lipid and blood pressures found 
in our study might be attributable to the cigarette habit. 
The multivariate analysis (Table 5) suggests that this 
was not the case. Nevertheless, smoking differences need 
to be taken into account in studying the effects of gas- 
trectomy, since smoking probably influences weight 
change” and blood pressure.915 The multivariate analy- 
sis also suggests that caffeine had no direct effect on the 
physiologic variables. The greater consumption of caf- 
feine in the surgical group was probably correlated with 
cigarette smoking. 

Anemia can occur in patients with gastrectomy,!^?? 
but, in the present data, the overall difference in hemato- 
crit was small. In fact, none of the gastrectomy individ- 
uals had a hematocrit less than 35%. However, the small 
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TABLE 5. Physical, Chemical, Dietary, and Habitual Facors* 
Related to Gastrectomy Status in a Stepwise Discriminant Ana cysts 


Significance Leve 


Independent Variables (t-test) 
Weight Change .001 
Height .001 
Serum Cholesterol .001 
Diastolic Blood Pressure .001 
No. of Cigarettes/Day .001 
Weight 1965-1968 .001 
Beer Consumption .001 
Liquor Consumption .01 
Physical Activity Index .01 
Caffeine Intake —t 
Age —i 
Serum Triglyceride —1 


* The original analysis on which this table is based was carried out 
using age(yrs) plus all the variables listed in Tables 3 and 4 except 
for number of meals and snacks. In addition, the weight mange 
between 1940-42 and 1965-68 was included. All variables which 
significantly (p < .05) reduced the variance when added © the 
linear function are listed here. 

1 Variable included because it was felt to be of particular ircerest, 
though it made no significant contribution to the discriminaton by 
either t-test or analysis of variance. 


differences between cases and controls may increase on 
future followup of the patient population, as anemia 
(particularly megaloblastic) tends to increase wifi the 
length of time after operation.?92? 
Finally, it is intriguing to postulate that the rartial 
gastrectomy patients might have a significant redaction 
_in their risk of myocardial infarction given their lower 
weight, cholesterol, triglycerides, and blood pressure. 
Cigarette smoking was the only important corona-y dis- 
ease associated variable which was more prevaEnt in 
the gastrectomy group. Hirohata noted a deficit in deaths 
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TABLE 6. Selected Attributes of Gastrectomy Subjects by Pzoportion 
of Stomach Resected: (Age-Adiusted Means) 


Less than 2/3 >r more 
2/3 resected re ected 
(141) D3) 
Weight 1940-42 (1b) 130.5 130.4 
Weight 1965-68 (Ib) 129.2 138.4 
Weight change (Ib) —1.3 —2.0 
No. cigarettes/day 16.21 11.8 
Hematocrit (95) 44.0 i4.3 
Serum cholesterol (mg%) 208.3 29.5 
Casual triglyceride (mg%) 186.5 208.9 
Systolic blood pressure (mmHg) 133.0 33,9 
Diastolic blood pressure (mmHg) - 78.2 71.0 
24-Hour Recall Diet Data 
Calories 2337* 2157 
Fat (gm) 86.7* 77.3 
Protein (gm) 93.3 92.0 
Carbohydrate (gm) 265.8 350.1 
No. meals and snacks 5.1 5.1 


The asterisks and dagger indicate significant difference- by t-test. 
*p < .10 tp < .05. Figures in parentheses indicate numaer of men 
tabulated. 
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due to arteriosclerotic heart disease in medically and sur- 
gically treated gastric ulcer patients? Accordingly, the 
possible "protective" effect of gastrectomy is being stud- 
ied as part of a prospective surveillance program now in 
progress. 


Acknowledgments 


The authors are grateful to the physicians of Oahu, Hawaii, 
and the medical record librarians of Kuakini, St. Francis, and 
Queen's hospitals for their help in supplying information about 
the partial-gastrectomy subjects, and to Ms Carol Burian for 
technical assistance. 


References 


l. Armitage, P.: Methods in Medical Research. New York, John 
Wiley and Sons, 387, 1971. 

2. Belsky, J. L., Kagan, A. and Syme, S. L.: Epidemiologic 
Studies of Coronary Heart Disease and Stroke in' Japanese 
Men Living in Japan, Hawaii and California: Research 
Plan. Atomic Bomb Casualty Commission, Technical Report 
12-71, 1971. 

3. Berkowitz, D.: Blood Lipid Reductions after Subtotal Gas- 
trectomy. Am. J. Gastroenterol., 50:95, 1968. 

4. Butler, T. J. and Easthan, R. D.: Absorption Studies After 
Gastrojejunostomy With and Without Vagotomy. Gut, 
6:69, 1965. 

5. Chung, C. S., Bassett, D. R., Moellering, R. C. Jr., Rosen- 
blatt, G., Stokes, J. HI and Yoshizaki, H., Risk Factors for 
Coronary Heart Disease in Hawaiian and Japanese Males 
in Hawaii. J. Med. Genetics, 6:59, 1969. 

6. Clark, V. A., Chapman, J. M. and Coulson, A. H.: Effects 
of Various Factors on Systolic and Diastolic Blood Pressure 
in Los Angeles Heart Study. J. Chron. Dis., 20:571, 1967. 

7. Culver, P. J.: Postvagotomy and Gastrectomy: Nutrition and 
Steatorrhea. Ann. N. Y. Acad. Sci., 99:213, 1962. 

8. Doll, R., Avery Jones, F. and Pygott, F.: Effect of Smoking 
on the Production and Maintenance of Gastric and Duo- 
denal Ulcers. Lancet, 1:657, 1958. 

9. Eddy, R. L.: Metabolic Bone Disease after Gastrectomy. 
Am. J. Med., 50:442, 1971. 

10. French, A. B., Pollard, H. H. and Ratner, J. T.: Incidence 
of Postgastrectomy Malabsorption. Gastroenterology, 38: 
964, 1960. 

11. Hillman, H. S.: Postgastrectomy Malnutrition. Gut, 9:576, 
1968. 

19. Hirohata, T.: Mortality from Gastric Cancer and Other Causes 
after Medical and Surgical Treatment for Gastric Ulcer. 
j; Nat. Cancer Inst., 41:895, 1968. 

13. Holdsworth, C. D., Tumer, D. and Mclntyre, N.: Patho- 
physiology of Postgastrectomy Hypoglycemia. Br. Med. J., 
4:257, 1969. 

14. Jerzy Glass, G. B.: Blood Pressure and Peptic Ulcer. Lancet, 
1:864, 1971. 

15. Karvonen, M., Orma, E., Keys, A., Fidanza, F. and Broxek, K.: 
Cigarette Smoking, Serum Cholesterol, Blood-pressure, and 
Body Fatness-Observations in Finland. Lancet, 1:492, 1959, 

16. Kemp, D.: An Evaluation and Comparison of the Early and 


Late Results of Standardized Polya Gastrectomy. Gut, 


8:151, 1967. 

17. Kimber, C., Patterson, J. F. and Weintraub, L. B.: The 
Pathogenesis of Iron Deficiency Anemia Following Partial 
Gastrectomy. JAMA, 202:935, 1967. 

18. Kirkeby, K., Overskeid, K. and Bjerkedal, I.: Triglycerides 
in Plasma Following Partial Gastrectomy. Acta. Med. 
Scand., 182:307, 1967. 

I9. Maclean, L. D., Perry, J. F., Kelly, W. D., Mosser, D. G4 
Mannick, A. and Wangensteen, O. H.: Nutrition Following 


Sy” 


e Vol 179 * No. 6 


Subtotal Gastrectomy of Four Types. Surgery, 35:705, 1954. 


. MeKeown, K. C.: A Prospective Study of the Immediate 


and Long Term Results of Polya Gastrectomy for Duodenal 
Ulcer. Br. J. Surg., 59:849, 1972. 


. Medalie, J. H., Kahn, H. A., Neufeld, H. N., Riss, E., Gold- 


bourt, U. and Uron, D.: Association between Blood Pres- 
sure and Peptic Ulcer Incidence. Lancet, 2:1225, 1970. 


. Mollin, D. L. and Hines, J. D.: Observations on the Nature 


and Pathogenesis of Anaemia following Partial Gastrec- 
tomy. Proc. R. Soc. Med. 57:515, 1964. 


. Monson, R. R.: Cigarette Smoking and Body Form in Peptic 


Ulcer. Gastroenterology, 58:337, 1970. 


. Pickering, G. W., Roberts, J. A. F.'and Sowry, G. S. C: 


The Etiology of Essential Hypertension, The Effect o? Cor- 
recting for Arm Circumference on the Growth Rate of 
Arterial Pressure with Age. Clin, Sci, 13:267, 1954. 


. Postlethwait, R. W., Singleton, W. W., Dillon, M. L. and 


Willis, M. T.: Nutrition After Gastric Resection for Peptic 
Ulcer. Gastroenterology, 40:491, 1961. 


. Pryor, J. P., O'Shbea, M. J., Brooks, P. L. and Datar, G. K.: 


The Long-Term Metabolic Consequences of Partial Gastrec- 
tomy. Am. J. Med. 51:5, 1971. 


. Robertson, P. D.: Carbohydrate Intolerance in Postgastrectomy 


Patients. Arch. Intern. Med., 117:764, 1966. 


RESULTS OF GASTRECTOMY 


e. 90l 


28. Roth, D. A. and Meade, R. D.: Hyperinsulinism-Hypoglycemia 
in the Post-gastrectomy Patient. Diabetes, 14:526, 1965. 

29. Tillotson, J. L., Kato, H., Nichaman, M. Z, Miller, D. C, 
Gay, M. L., Johnson, K. G., and Rhoads, G. G.: Epi- 
demiology of Coronary Heart Disease and Stroke in Japa- 
nese Men Living in Japan, Hawaii, and California: 
Methodology for Comparison of Diet. Am. J. Clin. Nutr., 
26:177, 1973. 

30. Trowell, O. A.: The Relation of Tobacco Smoking to the 
Incidence of Duodenal Ulcer. Lancet, 1:808, 1934. 

31. Wall, A. J, Ungar, B., Baird, C. W., Langford, I. M. and 
Mackay, I. R.: Malnutrition after Partial Gastrectomy, 
Am. J. Dig. Dis., 12:1077, 1967. 

32. Wheldon, E. J., Venables, C. W. and Johnson, I. D. A.: Late 
Metabolic Sequelae of Vagotomy and Gastroenterostomy. 
Lancet, 1:437, 1970. 

33. Wollaeger, E. E., Waugh, J. N. and Power, M. H.: Fat- 
assimilating Capacity of the Gastrointestinal Tract After 
Partial Gastrectomy with Gastroduodenostomy (Billroth I 
anastamosis). Gastroenterology, 44:25, 1963. 

34. Worth, R. M. and Kagan, A.: Ascertainment of Men of 
Japanese Ancestry in Hawaii through World War II Selec- 
tive Service Registration. J. Chronic Dis., 23:389, 1970. 


Candida Endocarditis Complicating Glucose 


Total Intravenous Nutrition 


A. B. GAZZANIGA, M.D., M. H. MIR-SEPASI, M.D., M. R. JEFFERIES, M.D., 


A case of Candida albicans endocarditis is reported. The 
endocarditis occurred in a patient with a chronic illness who 
received intermittent glucose total intravenous nutrition for 
approximately 10 weeks. The patient developed severe aortic 
insufficiency with his valvular endocarditis and required 
emergency aortic valve replacement. Aggressive surgery and 
. medical treatment appear to be the treatment of choice for 
these critically ill patients. 


Co ENDOCARDITIS, although less common than 
bacterial endocarditis, carries a more serious prog- 
nosis. Medical treatment for this disease has not been 
satisfactory and mortality rates have remained high.‘ 
Aggressive surgical treatment, on the other hand, has 
brought improved results over medical therapy.?* 
Candida endocarditis occurred in a patient following 
glucose total intravenous nutrition (TIN) and emergency 
aortic valve replacement was necessary to relieve heart 
failure. 


Case Report 


L.L., a 56-year-old male, was admitted 3-31-72, following 
treatment for perforated diverticulitis. Six weeks prior to admis- 
sion the patient had developed left lower quadrant pain and was 
treated with a transverse colostomy and drainage of the perfora- 
tion site. Postoperatively, a high output small bowel fistula devel- 
oped through three separate suture tracts in the lower portion of 
the incision. On admission, the patient had a right subclavian 
catheter through which hypertonic glucose and an amino acid 
solution had been infused during the previous four weeks. Twenty- 
four hours following admission he was started on a low residue 
high nitrogen diet by mouth and the subclavian catheter was 
removed. During the next two weeks he continued to lose weight 
and drainage from the small bowel continued through the in- 
cision. On 4-18-72, a central venous catheter was positioned in 
the right atrium via the left basilic vein. Total intravenous nButri- 
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tion was started using a solution of 25% glucose and 5% Travamin. 
The solution volume was serially increased to 3 liters per day. 
On 4-30-72, he spiked a temperature to 102 F and this was 
associated with edema of the left arm and face. The central 
venous catheter was removed, intravenous penicillin started and 
enterococcus organisms were subsequently grown from the blood 
(Fig. 1). Three days later the temperature had returned to normal 
and glucose total intravenous nutrition was reinstituted via a 
right subclavian catheter. During the subsequent period of infu- 
sion, he healed two of the three fistula sites, gained weight, and 


_ there was marked reduction in drainage from the remaining fistula 


site. On 5-20-72, he developed a shaking chill and spiked a 
temperature to 103 F. There was edema of the entire face and a 
catheter passed retrograde from the femoral vein revealed superior 
vena caval thrombosis on radiopaque injection (Fig. 2). The 
subclavian catheter was removed and the facial swelling subsided. 
On 5-30-72, the patient underwent sigmoid resection and resection 
of the small bowel fistula. Postoperatively, he developed a wound 
infection which resolved with open drainage. He continued to 
run a low grade temperature and was discharged on 6-16-72 on 
oral feedings. 

On August 7, 1972, the patient was readmitted with pain, 
swelling, and coolness of the right hand. There was an axillary 
pulse but the remainder of the pulses distal to this region were 
absent. A grade 2 out of 6 diastolic murmur along the left sternal 
border was noted. A right subclavian arteriogram demonstrated an 
occlusion of the brachial artery (Fig. 3). Because of progressive 
symptoms, he underwent embolectomy of the brachial artery and 
improved inflow was established. No thrombotic material was 
recovered from the occlusion site. Postoperatively, the patient con- 
tinued to have temperature elevations to 101 F each day. Re- 
peated blood cultures did not grow any bacterial organisms, but 
one admission blood culture subsequently grew Candida albicans. 
This was considered a contaminant. Despite the negative blood 
cultures he was started on a ten-day course of intravenous 
Cloxicillin to treat a possible bacterial endocarditis. The daily tem- 
perature elevations remained despite therapy but the patient was 
not in overt heart failure, was ambulatory taking a regular diet, 
and in no distress. On 9-12-72, he underwent colostomy closure. 
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Two days later he sustained an embolus to his left femoral artery 
and underwent embolectomy. The emboli material grew Candida 
albicans and because of the return of two further positive blood 
cultures for Candida albicans, he was started on intravenous 
Amphotericin-B. Over an eight-day period the dose was gradually 
increased to 50 mg/day. Despite the Amphotericin therapy, he 
developed severe cardiac failure and an enlarging heart on chest 
x-ray. His aortic insufficiency murmur had become louder and 
it was felt that this was related to Candida endocarditis. Because 
of the obvious clinical diagnosis and the possibility of dislodging 
Candida vegetation, he did not undergo cardiac catheterization 
and on 10-13-72, his aortic valve was replaced with a model 1260 
Starr-Edwards valve. At surgery, the entire left coronary artery 
leaflet had been destroyed with a heavy Candida overgrowth 
(Fig. 4). The area of the Candida infection was completely 
excised and there did not appear to be residual disease. The re- 
maining heart valves were not explored. The ventricle was irri- 
gated with an Amphotericin-B solution. Postoperatively, he was 
maintained on Amphotericin-B 50 mg/day for two weeks at which 
time therapy was discontinued. Subsequent blood cultures were 
negative and his temperature returned to normal. He was dis- 
charged on 11-8-72, and currently is asymptomatic eight months 
following aortic valve replacement. 


Discussion 


In a recent report from our institution, the most severe 
non-fatal complication in a series of patients treated with 
glucose TIN was aortic valve endocarditis Candida 
septicemia has been a recurring complication in patients 
receiving hypertonic glucose solutions and the incidence 
in one series was as high as 16%.° Candida endocarditis 
following glucose TIN to our knowledge, has not been 
reported. Candida septicemia occurs during glucose TIN 

‘probably because of contamination during the process 
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using a retrograde catheter. 


of mixing the solutions or as a result of mycelial growth 
in the infusion tubing or at the catheter entrance site.* 
The general clinical status of the patient is also of con- 
sideration since those patients who are on immunosup- 
pressive agents, steroids, or severely debilitated, have a 
greater chance of developing fungal infections than other- 
wise normal patients who are receiving glucose TIN. ,The 
most important factor in preventing this complication 
is the mixing of the solution with proper sterile technique 
under laminar flow hoods and daily changes of all in- 
fusion tubing and sterile dressings.’ There has been 
some discussion whether filters might actually increase 
the incidence of Candida septicemia but this question 


904 





Fic. 3. Right subclavian arteriogram demonstrated an occlusion 
of the brachial artery. 





Fic. 4. The leaflet of the left coronary artery was completely 
destroyed by Candida albicans. A single cannula was used in the 
right atrium because of the previous caval thrombosis. 
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has not been resolved.! Others have recommended that 
Betadine or some iodine solution be used around the 
entrance site of the catheter through the skin, rather 
than topical antibiotic ointment, because iodine solu- 
tions are both bactericidal and fungicidal." 

Candida endocarditis was first described by Friedman 
in 1939. Kay et al.* pointed out that the mortality rate 
for this disease based on reports from the literature up 
to 1968 were over 80% despite the advent of Ampho- 
tericin-B. Kay et al. also reported the first. successtul 
surgical treatment of this disease and later two other 
successful cases. Harris et al.* recently reported five cases 
of candida endocarditis with survival in four patients. 
Both Kay and Harris have emphasized the need for 
aggressive excision of all foci of the candida organism 
during the open heart procedure. This has been carried 
to the extent of excising portions of the ventricular 
septum and producing heart block.” Including our case, 
ten patients with candida endocarditis treated with com- 
bined surgical and medical management have been 
reported, and eight of ten patients have survived and are 
free of residual disease. 

The patients reported by Kay developed candida 
endocarditis following treatment for bacterial endo- 
carditis. In Harris’ series, all the patients were heroin 
addicts who had developed combined bacterial and 
candida endocarditis. In our patient, bacterial endo- 
carditis did not seem to be a precursor to the develop- 
ment of fungal endocarditis. The patient had one positive 
bacterial blood culture during his first admission follow- 
ing a central venous catheter related septicemia. He was 
treated with a short course of antibiotics and subsequent 
blood cultures were negative. The pathological tissue 
excised at the time of surgery revealed evidence only of 
mycelial organisms and no smoldering or quiescent un- 
derlying bacterial endocarditis. Harris has emphasized 
the need for careful follow-up studies in these patients 
because recurrence can occur. He feels that the candida 
precipitans test may be a more reliable means of follow- 
ing these patients than with blood cultures. 

In our patient, the leaflet underlying the left coronary 
artery ostia had been entirely destroyed by a heavy over- 
growth of candida organisms. Because the patient had 
two previous systemic emboli, it was elected not to 
catheterize his heart for fear of dislodging further veg- 
etations. Systemic emboli are a frequent manifestation of 
candida endocarditis and should help in making the 
diagnosis.* Our patient had two embolic episodes before 
the diagnosis was made. The thrombotic material ob- 
tained from the second embolectomy grew candida 
organisms and this conclusively made the diagnosis. 
Harris has emphasized that these patients should not 
undergo cardiac catheterization prior to surgery. He 
recommends exploring all three valves at the time of ° 
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surgery to be sure that there are no residual vegetative 
foci involving either the mitral or tricuspid values. 

In terms of the prosthetic valve; we choose to use the 
Starr-Edwards Series 1260 valve which has a silastic 
ball and steel struts. Theoretically, the interstices in the 
cloth covered struts might act as potential sites for 
residual mycelia to lodge and propagate producing 
obstruction to the ball. The prosthesis itself was soaked 
in Amphotericin-B before insertion and the left ventricle 
was thoroughly irrigated with the same solution. Post- 
operatively, the patient should be maintained on therapy 
for a minimum of two to four weeks and followed closely 
for recurrence. ` 
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Gastrin Release by Ethanol in Man and in Dogs 


HORST D. BECKER, M.D., DAVID D. REEDER, M.D., JAMES C. THOMPSON, M.D. 


In man, oral or intravenous administration of ethanol caused 
a small but definite increase in peripheral serum gastrin 
concentration (measured by radioimmunoassay). In dogs, 
perfusion of the antrum with 10% ethanol caused an im- 
mediate increase in gastrin levels in the antral venous outflow. 
Acidification of the perfusate did not totally block the gastrin 
release from the antrum. Intravenous infusion of ethanol in 
dogs caused release of gastrin from the antrum. 


N 1898, CHITTENDEN AND COWORKERS? reported that 
I ingestion of ethanol stimulated gastric acid secretion. 
The mechanisms responsible for this stimulation are not 
entirely* clear, but several studies suggest that at least 
two paths are involved: first, local contact of alcohol 
with antral mucosa seems to release gastrin® 71718 and 
second, after its absorption, alcohol acts directly on the 
parietal cells.$9:19:16:18 [he mechanism by which blood 
alcohol directly stimulates the oxyntic glands is not 
known. 

We have studied the characteristics of the release of 
gastrin (measured by radioimmunoassay ) in response to 
local application of ethanol to the antral mucosa in man 
and in dogs. In addition, we have studied the effect of 
intravenous ethanol on basal serum gastrin levels in man 
and on gastrin release from the antrum in dogs. 


Materials and Methods 


Local Release of Gastrin by Ethanol 


Studies in Man. Six young healthy male volunteers 
with no gastrointestinal disease were studied. Studies 
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were performed on three different days (the sequence 
was altered randomly). After the subjects fasted over- 
night, two basal blood samples were taken for serum 
gastrin determination by radioimmunoassay. Each person 
then drank 80 ml of either distilled water (control 
study), 18% ethyl alcohol in water, or 50% ethyl alcohol 
in water. Blood samples were collected at intervals for 
150 min. 

Studies in Dogs. Studies were performed in five adult 
mongrel dogs. Each dog was fasted for 24 hours and 
anesthetized with pentobarbital sodium. At laparotomy 
two clamps were placed across the antrofundic junction. 
A double lumen catheter was inserted into the antrum 
via a stab wound in the duodenum for antral perfusion 
(250 ml/hr). The pylorus was ligated around the cath- 
eter, and the antral vein was cannulated as described 
previously. The antrum was perfused sequentially with 
physiologic saline (pH 5.0) for 30 minutes, 102 ethanol 
(pH 5.0) for 60 minutes, 10% ethanol (pH 1.0) for 60 
minutes, and finally 102 ethanol (pH 7.0) for 30 minutes. 
Blood samples for serum gastrin determination were 
obtained in the basal state and at intervals throughout 
the experiment. 


Effect of Intravenous Ethanol on Basal Serum 
Gastrin Concentration 


Studies in Man. Six healthy volunteers were fasted 
overnight. After two basal blood samples were obtained 
for serum gastrin determination, 7% ethanol in 0.9% NaCl ` 
was infused into a peripheral vein at the rate of 4 ml/ 
kg/hr for 60 minutes. Blood samples were collected at 
intervals for 120 minutes after the infusion was started. 

Studies in Dogs. Six adult mongrel dogs were anesthe- 
tized, operated upon, and the stomachs were prepared 
as described in the studies on the local release of gastrin ' 
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by ethanol (See above). An additional catheter was 
placed into the femoral vein for infusion of ethanol. Two 
basal blood samples were obtained from the antral ve- 
nous outflow. After the pH of basal secretions in the 
antrum was measured with a glass pH electrode, 10% 
ethanol was infused via the femoral vein at a rate of 10 
ml/kg/hr for 2 hours. After 60 minutes of ethanol in- 
fusion, the antrum was perfused with 0.1 N HCI at a 
rate of 150 ml/hr. Further blood samples from the antral 
vein and femoral artery were obtained at intervals 
throughout the experiment. 

Radioimmunoassay of Gastrin. Serum concentrations 
of gastrin. were measured by radioimmunoassay as de- 
scribed by Jackson and coworkers. Antigastrin anti- 
bodies were prepared in rabbits using synthetic human 
gastrin I (amino acid residues 2-17), conjugated to 
bovine serum albumin, as antigen. Synthetic gastrin I is 
radioiodinated by means of the technique of Greenwood 
and Hunter,? and the radioimmunoassay system uses the 
double antibody system described by Odell, Rayford and 
Ross.!9 

Results are expressed as the mean of the measured 
gastrin concentration with the corresponding standard 
errors (+ SEM), or as the integrated gastrin response 
over basal during a certain time period.* Integrated 
gastrin values are expressed as nanograms times minutes 
per milliliter (ng-min/ml). Student's "t" test was used 
to determine the significance of differences between 
means. Differences with p values of less than 0.05 were 
considered significant. 


Results 


Local Release of Gastrin by Ethanol 


Studies in Man. The mean basal serum gastrin concen- 
tration in the control study was 99 + 4 picograms per 
milliliter (pg/ml) which was higher than the basal level 
(84 + 5 pg/ml) on the day the subjects drank 50% 
ethanol (Table 1). Peak serum gastrin concentration was 
significantly higher than basal only in the study with 
50% ethanol. Ingestion of either 18% or 50% ethanol re- 


TABLE 1. Effect of Oral Ingestion of Ethyl Alcohol on Serum Gastrin 
Levels and Integrated Gastrin Output in Six Normal Men 


Basal Serum Peak Serum 0-150 min Integrated 





Gastrin Gastrin Gastrin 
pg/ml pg/ml ng-min/'m] 
Control 
80 ml H;O 99 + 4 104 +5  —0.760 + .240 
Test I 
80 ml C;H;OH 93 + 4 105 + 5 +0.225 + .125 
18% p < 0.05 
Test II 
80 ml C4H;OH 84 + § 109 +4 +1.790 + .260 
5097 p < 0.05 


p « 0.05 
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either pH 5.0 or pH 1.0) on gastrin concentrations in the antral 
venous blood in five dogs. 


0 30 60 


sulted in significantly higher 150-minute integrated gas- 
trin output compared to the control values (p < 0.05, 
Table 1). 

Studies in Dogs. The mean basal concentration of 
serum gastrin in the venous outflow of the antrum was 
107 + 6 pg/ml (Fig. 1). The pH of the resting antrum 
was found to be between 3.5 and 5.0. Perfusion of the 
antrum with saline pH 5.0 did not change the, gastrin 
levels. When the perfusate was changed to 10% ethanol, 
pH 5.0, the gastrin concentration rose stepwise to a peak 
of 338 = 48 pg/ml (p « 0.02). Changing the perfusate 
to 10% ethanol, pH 1.0, caused a significant decrease in 
gastrin concentration to 132 + 20 pg/ml after 30 minutes 
(p « 0.05). Perfusion with 10% ethanol, pH 5.0, in- 
creased antral venous gastrin again to 315 + 61 pg/ml 
(p « 0.05). 


Effect of Intravenous Ethanol on Basal Serum 
Gastrin Concentration 


Studies in Man. The mean basal serum gastrin con- 
centration in six control subjects was 86 + 2 pg/ml 
(Fig. 2). A 60-minute intravenous infusion of 7% ethanol 
at a rate of 4 ml/kg/hr caused a slight, but significant, 
increase of peripheral serum gastrin levels to 105 + 9 
pg/ml at 50 minutes (p < 0.05). After the infusion was 
stopped, serum gastrin fell to basal levels. 

Studies in Dogs. In six dogs, the mean basal serum 
gastrin concentration was 105 + 4 pg/ml in the anjral 
venous outflow (Fig. 3). The basal pH of the antrum 
was between 3.5 and 5.0 and did not change until per- 
fusion of the antrum was begun. Intravenous infusion of 
10% ethanol caused a stepwise increase in the gastrin 
concentration in the antral vein to a peak of 310 + 26 
pg/ml (p < 0.02). Perfusion of the antrum with 0.1 N 
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Fic. 2. Effect of intravenous ethanol on serum gastrin levels in 
six normal subjects. Values significantly higher than basal values 
are identified by asterisks (p < 0.05). 


HCl decreased the antral venous gastrin to 147 + 21 
pg/ml (p < 0.05). 


Discussion 


Stimulation of gastric secretion by ethyl alcohol, 
whether given orally*.*.710.17.18 or intravenously,1?1? has 
been well documented. The mechanisms by which this 
stimulation occur are not entirely clear, but several 
studies suggest that at least two factors are involved, a 
direct action of ethanol at the parietal cells’®1618 and a 
release of gastrin from the antrum after local con- 
tact. 46.7.10 

Our results show by direct measurement of gastrin 
Concentrations that in man the gastrin response to al- 
cohol by mouth is dependent on the mass of alcohol 
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Fic. 3. Effect of intravenous ethanol on serum gastrin concentra- 
tions in the venous effluent of the resting antrum and during 
acidification of the antrum in six dogs. 
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reaching the antrum. Oral ingestion of 80 ml of 50% 
alcohol caused an integrated gastrin response approxi- 
mately 2.5 times greater than occurred after 80 ml of 18% 
ethanol. In dogs, 10% ethanol applied to the antral mu- 
cosa is a potent stimulus for the release of gastrin, 
measured in antral vein serum. Acidification of the 10% 
ethanol caused a significant inhibition of the gastrin 


released from the antrum, but did not abolish the stimu- 


latory effect since gastrin did not return to basal levels. 
These findings are in agreement with our results during 
antral stimulation with acetylcholine, glycine? or vagal 
stimulation.? 

The route by which intravenous alcohol stimulates 
gastric secretion is not well understood. It has been 
postulated that circulating alcohol releases histamine 
from tissues!?16 since Dragstedt and coworkers’ showed 
that perfusion of the isolated guinea pig lung caused a 
release of histamine. However, previous studies failed to 
show a general release of histamine by intravenous 
ethanol.*19 

Our results in man and dog show that intravenous 
ethanol caused a small but significant increase in serum 
gastrin levels, and that the increased gastrin concentra- 
tions in dogs, at least, are caused Py a release of antral 
gastrin. 

In previous studies it has been shaun that antrectomy 
did not significantly reduce the gastric secretory re- 
sponse to intravenous alcohol.*1938 Furthermore, Irvine 
and colleagues’ reported that vagotomy did not reduce 
the gastric secretion induced by ethanol. Woodward and 
coworkers!? showed in three dogs in which the antrum 
and the entire small bowel had been resected, that intra- 
venous alcohol still stimulated gastric secretion. We have 
shown that gastrin can be found in significant concen- 
trations in most parts of the gastrointestinal tract,” 
however, and that removal of the stomach, intestine, 
colon and pancreas did ‘not totally abolish circulating 
gastrin.'? Our results do not allow the conclusion that 
gastrin is the only mediator in ethanol-induced gastric 
secretion. These findings, however, show that gastrin is 
released in response to an intravenous infusion of etha- 
nol, or to topical application of ethanol to the antral 
mucosa. 
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The Relationship of Circulating Endogenous 
Endotoxin to Hemorrhagic Shock in the Baboon 


CLIFFORD M. HERMAN, M.D., AVRAM R. KRAFT, M.D., KENNETH R. SMITH, B.S., 
EDWARD J. ARTNAK, B.S., FLEMING C. CHISHOLM, B.S., LARRY C. 
DICKSON, M.D., ADAM E. McKEE, JR., DVM, LOUIS D. HOMER, M.D., Ph.D., 


Experiments were carried out to test the hypothesis that 
during hemorrhagic shock endotoxin enters the circulation 
from ischemic bowel by way of the portal venous system 
and is then associated with irreversibility of the hemorrhagic 
shock state. After placement of sampling catheters in the 
portal vein, right atrium, and aorta, 14 awake, restrained 
baboons were subjected to 1 hour of hemorrhagic shock at 
a mean arterial pressure (MAP) of 60 torr followed by a 
second hour at 40 torr MAP. Six animals were resuscitated 
with Ringers lactate and their shed blood; 8 were main- 
tained hypotensive until death. Serial blood samples were 
analyzed for the presence of endotoxin. Endotoxemia was 
found infrequently, with no greater incidence (p > 0.6) in 
portal venous samples than in systemic blood, so these data 
ware pooled for further analysis. Furthermore, endotoxemia 
was no more frequent (p > 0.6) late in shock than it was 
in early shock or during the baseline period. Autopsy showed 
no evidence of ischemic damage to the splanchnic viscera. 
It was concluded that spontaneous endogenous entotoxemia 
is not a common feature of hemorrhagic shock in baboons 
and is‘not related to the duration or degree of severity of 
hemorrhagic shock in this subhuman primate species. 


PRE DESIRE TO DEFINE post-traumatic shock as a dis- 
| T tinct disease entity has stimulated a long search for 
a single underlying mechanism by which this clinical 
disorder could be explained. Among the many possi- 
bilities generated by this search, humoral agents have 
received major attention, in part because the circulation 
is a primary means of inter-communication between or- 
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gans and in part simply because blood is more easily 
accessible for examination than are events in the nervous 
and other integrating systems. 

Shortly after Cannon’ postulated that elaboration of a 
systemic toxin from injured limbs caused cardiovascular 
collapse, Blalock*$ demonstrated that the occurrence of 
shock following trauma was due to simple hypovolemia 
and could be effectively treated with volume replace- 
ment. However, the ensuing years have seen a large 
number of blood-borne agents identified and assigned 
a prominent role in the overall body responses to shock. 

Recently, a unifying concept has evolved which relates 
the entry of toxic agents into the blood to events taking 
place in the splanchnic vascular bed in shock. This con- 
cept holds that splanchnic congestion and stasis are 
central, common features of both hemorrhagic and endo- 
toxin shock? The resulting visceral ischemia is said to 
cause damaged cells to release lysomal enzymes,*!9 a 
myocardial depressant factor,17®7 bradykinin,?? sero- 
tonin,?? catecholamines,?? and an unidentified toxic factor 
from the liver presumed to be of bacterial origin.!? 
These materials are presumed to enter the general cir- 
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culation where they would cause the widespread cardio- 
vascular damage of shock. 

A variant of this view is that endotoxin released from 
the enteric gram-negative bacteria is the material which 
enters the circulation when bowel mucosal integrity is 
disrupted during shock.2®31 This circulating endotoxin 
then is considered to cause irreversibility of the shock 
state by a generalized disruption of the vascular sys- 
tem.?737 An essential factor contributing to the endo- 
toxemia is thought to be the loss of the detoxifying 
ability of the liver and splenic reticuloendothelial tissue 
due to the primary splanchnic ischemia.!?:13 

The appearance of each of these vasoactive materials 
has been documented on some forms of shock. Also, 
there is little doubt that these agents are potentially 
capable of the effects attributed to them. The difficulty 
with this unifying theory of shock lies rather in its foun- 
dation in experimental work conducted with dogs, rab- 
bits, and other lower mammals. It has not been estab- 
lished that the same splanchnic vascular response occurs 
in man and in subhuman primate species. 

In order to examine this theory in higher animals 
which are phylogenetically closer to man, we have car- 
ried out a series of experiments using baboons as the 
subhuman primate model. The experiments were de- 
signed to test the hypothesis that endogenous endo- 
toxemia develops during irreversible hemorrhagic shock 
in baboons. An additional hypothesis to be tested pro- 
posed that any endotoxin which might appear would be 
most evident in the portal vein blood as an indication 
of splanchnic vascular compromise. 


Methods 


Resuscitated Group 


Six adult male baboons (Papio doguera) weighing 21 
to 27.5 kg were used after a minimum of 60 days of 
quarantine for ensurance of good health. Under initial 
sedation with 1 mgm/kg of intramuscular (IM) phen- 
cyclidine HCl and then nitrous oxide anesthesia, a mid- 
line abdominal incision was performed and a siliconized, 
heparinized catheter was placed into the portal vein 
through a branch of the left colic vein. The point of 
insertion of the catheter was chosen so as to leave a clear 
collateral pathway in order to avoid vascular com- 
promise of the related bowel. The tip of the catheter 
was demonstrated to be infrahepatic in the portal vein 
and was secured in the mesentery. The proximal end 
was then occluded and placed from within the abdomen 
into a subcutaneous pocket in the lateral abdominal wall. 

One week later, the animals were eating and appeared 
normal, At that time, under IM sedation with phen- 


* cyclidine HCl 1 mgm/kg, catheters were placed into the 
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right atrium and aorta through femoral cutdowns. No 
further sedation was employed during the study. The 
end of the portal vein catheter was exteriorized from its 
subcutaneous location through a lateral skin incision. 
All cutdown sites and subsequent catheter handling were 
carried out using maximal sterile technique in order to 
avoid artifactural contamination. The animals were then 
placed in a semi-Fowlers position in a restraining chair. 

All catheters were connected to sterile tubing and 
sampling stopcocks, and the arterial and right atrial 
catheters were connected to an electronic pressure re- 
cording system. 

The time course of the hemorrhagic shock and the 
scheme for data collection are displayed in Fig. 1. Three 
hours were allowed for recovery from sedation and the 
first baseline (Sample 1) pressure measurements and 
blood samples were taken. Arterial blood was drawn into 
heparinized glass syringes for PO2, PCO2 and pH de- 
termination with an IL 313 blood gas analyzer. Blood 
samples for bacterial cultures and endotoxin measure- 
ments were drawn from all three catheters using sterile 
techniques. Cultures were carried out by incubation of 
9 ml of blood at 37 C in trypticase soy broth for three 
weeks. Subcultures were then placed on McConkey’s 
agar, mannitol, and blood agar media. Any gram negative 
organisms grown were then identified by use of incuba- 
tions in standard differentiating media. Samples for 
endotoxin assay were prepared as described betow. 

One hour later, four hours after the sedation, all 
parameters were measured again (Sample 2). The ani- 
mals were then bled through the arterial catheters into 
ACD bags at a rate to reduce the mean arterial pressuse 
(MAP) to 60 mm Hg in 15 minutes, and repeat measure- 
ments were made (Sample 3). Pressure was maintained 
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Fic. 1. Mean Arterial Pressure (MAP) course and sampling 
scheme for Resuscitated Group. The phases of the experiment 
designated as “Baseline” (includes Samples 1 and 2), “Early 
Shock” (includes Samples 3 and 4), and “Late Shock” (includes 
Samples 5 and 6) correspond to the similarly designated group- 
ings of data displayed in Table 1. 
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at 60 mm Hg for one hour by further blood withdrawal 
or reinfusion as needed. 

At the end of the hour at 60 mm MAP, samples and 
measurements were taken (Sample 4) and the MAP was 
then reduced to 40 mm over a five minute period by 
further hemorrhage. All parameters were then remea- 
sured (Sample 5). When one hour at 40 mm MAP had 
elapsed, samples and measurements were again taken 
(Sample 6). 

One animal died during the 40 mm period. The five 
surviving animals were resuscitated immediately follow- 
ing the hour at 40 mm by infusion of Ringers lactate 
solution given at a rate of 200 cc/min until three times 
the total blood loss had been administered. Ringers 
lactate was used for its greater effectiveness than unbuf- 
fered electrolyte in correcting the acidosis of hemor- 
rhagic shock. The volume of Ringers lactate used<has 
been previously shown to be necessary for restoration 
of intravascular volume following hemorrhagic shock, 
prior to reinfusion of the shed blood? Resuscitation has 
been carried out in this manner in order to approximate 
more closely the treatment of hemorrhagic shock in clini- 
cal situations, when some form of asanguinous fluid 
infusion is required until cross-matched blood becomes 
available. The shed blood. was then reinfused, and 
Sample 7 was taken. One hour later, final samples for 
this group (Sample 8) were taken. 

The animals were then sacrificed and immediately 
autopsied. The tip of the portal vein catheter was identi- 
fied to verify its location below the liver. Samples of 
stomach, duodenum, jejunum, ileum, right and left colon, 
liyer, pancreas, spleen, and kidney were fixed in formalin 
for microscopic examination. 


Non-Resuscitated Group 


Eight animals were prepared in the same way as de- 
scribed for the resuscitated group. The time course and 
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Fic. 2. Mean Arterial Pressure (MAP) course and sampling 
scheme for Non-Resuscitated Group. The phases of the E dr cen 
designated as “Baseline” (includes Samples 1 and 2), “Early 
Shock" (includes Samples 3 and 4), and "Late Shock" (includes 
Samples 5-11) correspond to the similarly Une groupings 
of data displayed in Table 2.. 
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sampling scheme for this group are shown in Fig. 2. The 
study was conducted as for the resuscitated group up 
to the end of the first hour of 40 mm MAP. Thereafter, 
MAP was maintained at 40 mm by withdrawal or rein- 
fusion of blood as necessary. Hourly sampling was per- 
formed for three hours at that pressure (Samples 7, 8, 

9). The survivors underwent further hemorrhage to a 
MAP of 30 mm Hg, with Sample 10 taken after one 
hour at that pressure. Final measurements were taken 
(Sample 11) at the time when all respiratory action 
ceased in the last survivors. Samples were taken from 
each animal at its time of death, and the data on those 
terminal samples were included in the subsequent sam- 
ple time. Autopsy was performed in the same manner 
as for the resuscitated group. 


Endotoxin Assay Method 


All glassware used in the endotoxin assay was cleaned, 
siliconized, autoclaved, and then heated in an oven at 
180 C for three hours before use. Reagents were passed 
thr ough 0.22 micron millipore filters. Samples and equip- 
ment were handled with sterile technique during per- 
formance of the assays. 

Lysates were extracted from the amebocytes of the 
horseshoe crab (Limulus pol yphemus) and utilized ac- 
cording to the method of Levin?!?? A negative control 
sample and endotoxin (E. coli 0111: B4, Difco) standards 
(1075, 1075, 105, and 10-5 nigm/ml) were examined with 
each group of test samples. The assay measurements 
were read independently by three investigators who did 
not know the tube labelling code. Agreement between 
the readers as to formation of a solid gel was interpreted 
as positive evidence of the presence of endotoxin or endo- 
toxin-like activity. Reactions which produced less than 
solid gelation were interpreted as negative. 

It was originally planned to derive some estimate of 
endotoxin concentration in a given blood sample by 
quantitating degrees of gelation which were less than 
formation of a solid, adherent gel. However, little agree- 
ment was attained among the evaluators as to degree of 
gelation. Therefore, an alternative method was adopted 
in which four series of quadruplicate endotoxin stan- 
dards (E. coli 0111:B4, Difco) containing concentrations 
of 102, 10+, 10-5 and 10-9 mgm/ml were examined in 
order to estimate the sensitivity of the assay method. 
These tests were called either positive or negative ac- 
cording to the criterion of firm gel formation as the 
deciding factor. | 

The data from the separate series of endotoxin stan- 
dards were pooled with the data from the standards 
which were analyzed along with each group of test ani- 
mal blood samples. The percentages of'each concentra- 
tion found to be positive were computed from these | 
pooled data. The equation P= (C/B)/(1-- C/B) (B= 
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TABLE 1. Per Cent of Samples Positive for Endotoxin m the Resuscitated Group 
Overall Percentage 
Sample Number Positive by 
Sampling Sites 1 2 3 4 5 6 7 8 Sampling Sites 

No. of Animals (n) (6) (6) (6) (6) (6) (6) (5) (5) 
Portal Vein 0 17 33 17 0 17 20 0 13 
Right Atrium 33 17 33 0 0 33 0 0 15 
Aorta 0 17 17 0 17 33 20 0 13 

Per Cent of Samples 

Positive 11 17 28 6 6 28 13 0 
Phase of Experiment Baseline Early Shock Late Shock Resusc. 


All values are percentages of total samples at that site ard time which were positive for endotoxin. 


99 x 103 x 36 x 1079) was s then fit to these estimates, 
furnishing a general expression of sensitivity of the assay 
method in detecting the measured range of endotoxin 
concentrations. 


Statistical Methods 

The percentages of samples which were positive for 
endotoxin at each sampling site and at each sample time 
for each group of animals were compared by tise of a 
series of Chi-square analyses. Where the incidence of 
endotoxemia in a number of sampling sites at a, par- 
ticular sample time in one animal group was found to 
be the same, those data were pooled for subsequent 
comparisons between animal groups and between states 
of shock. Statistical significance was assigned to a value 
of p « 0.05. 


Results 


One animal of the resuscitated group died durinz the 
40 mm MAP period and the others survived through 
the resuscitation (Table 1). Terminal samples are in- 
cluded in the data for the subsequent sample period. 
The number of survivors at each sample point in the non- 
resuscitated group is indicated in Table 2 

The sensitivity of the endotoxin assay procedure for 
detection of various concentrations of endotoxin is shown 
in Fig. 3. It can be seen that the method was found 
100% effective in detecting endotoxin at a coricentration 
of 10? mg/ml. Concentrations of 10-* mg/ml were de- 
tected 94% of the time, concentrations of 105 mg/ml 


were detected 502 of the time, and concentrations of 10-9 
mg/ml were, detected 39% of the time. These data mean 
that a blood sample could fail to coagulate the lysate 
material 50% of the time with endotoxin present in a 
concentration as high as 10° mg/ml, and 6% of the 
time in a concentration as high as 10* mg/ml. Endotoxin 
concentrations of 102 mg/ml or greater would have been 
demonstrated with 100% reliability. There were no false 
positive results from the non-endotoxin containing blank 
controls. . 

The incidence of endotoxemia was not different in RA 
and A samples in either group at any time, so these data 
were pooled for each animal group and treated as com- 
mon systemic blood sources. When the incidence in these 
common systemic blood sources was compared with the 
PV. sarnples, endotoxemia was found to be no more 
common in the PV samples than in systemic blood in 
either test group at any time. Therefore, the data from 
all three sampling sites in each experimental group were 
pooled at each sample time for evaluating the effect 6f 
duration and degree of hypovolemia on the appearance 
of endotoxin in the blood. 

These pooled data; grouped according to Baseline, 
Early Shock (MAP 40 — .mm. Hg), and Late Shock 
(MAP < 40 mmi Hg) phases, are set forth in Table 3. 
It can be seen that endotoxemia did not occur in more 
than 172 of the samples drawn in any pháse of the ex- 
periments. 

The incidence of endotoxemia in each study phase in 
each animal group was compared with each other in- 








TABLE 2. Per Cent of Samples Positive for Endotoxin in the Non-Resuscitated Group 
Overall Percentage 
l Sample Number Positive by 
; Sampling Sites J 1:3 3 4 5 6 7 8 9 10 11 Sampling Sites 

No. of Animals (n) (8) (8) (8) (8) (81 (8) (7) (4) (4) (3) (2) 
Portal Vein 13 13 13 0 0 13 14 25 0 0 0 9 
Right Atrium 13 25 13 0 0 0 0 0 0 0 0 6 
Aorta | 0 0 0 13 0 25 14 0 0. 0 0 6 
Per Cent of Samples 

Positive 8 13 8 4 0 13 10 8 0 0 0 
Phase of Experiment Baseline Early Shock Late Shock 


All values are percentages of total samples at that site and time which were positive for endotoxin. 
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Fic, 3. Estimations of the degree of sensitivity of the endotoxin 
assay method to various standard concentrations of E. coli endo- 
toxin. Each curve estimates the probability (convertible to % by 
multiplication by 100) with which each of four endotoxin concen- 
trations (expressed as logs of the concentrations) would be de- 
tected. Curves were constructed on data derived from all of the 
assays performed on the endotoxin solutions prepared as laboratory 
standards. This gave a total of 22 separate assays carried out on 
each of the four standards (10, 10-4, 1075, and 1079 mgm/ml 
endotoxin concentration). 


cidence ratio in Table 3 by a series of Chi-square anal- 
yses. Endotoxemia was no more common late in shock 
than it was in the early phase or in the baseline period 
in either group. This was true in spite of the fact that 
data on blood drawn from each animal of the Non- 
Resuscitated Group at its time of death were included 
in the later samples. In fact, endotoxin was not detected 
in any of the terminal blood samples from any animal. 

At autopsy, the tip of the portal vein catheter was 
found to be in the proper location in all cases. Inspection 
of the viscera revealed no visible abnormalities in any 
animal of either group. Specifically, there was no hemor- 
rhage, congestion, or other signs of vascular damage to 
any organ. The mucosa of the stomach, small bowel and 


TABLE 3. Per Cent of Samples Positive for Endotoxin in Both 
Groups According to Phase of Experiment 


Phase of Experiment 


Early Shock Late Shock 
| (MAP >40 (MAP < 40 
Baseline mm Hg) mm Hg) 
Resuscitated Group  5:36*—1495  6/36—-17% 6/36—17% 
Non-Resuscitated 
Group 5:48—1092 3/48—6% 6/108—6% 


Baseline Phase includes Samples 1 and 2 in both groups, Early 
Shock Phase includes Samples 3 and 4 in both groups, and Late 
Shock Phase includes Samples 5 and 6 in the Resuscitated Group 
and Samples 5-11 in the NonResuscitated Group. 

* Ratios are number of samples positive for endotoxin/total 
number of samples, followed by expression of these ratios as per- 
centages. 
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colon showed no ulceration or other deviation from 
normal. 

On microscopic examination, the resuscitated group 
had a common finding of mild to moderate submucosal 
edema of the stomach and intestines. The non-resus- 
citated animals showed neither the submucosal edema 
nor any other abnormalities. 

A total of 12 blood samples from both experimental 
groups were positive for bacteria. Of these positive blood 
cultures, four samples grew gram-negative organisms, 
and only two of these were associated with endotoxemia 
in the corresponding samples from the same catheters 
at the same sampling time. 


Discussion 


Endotoxemia, as determined by the method used in 
this study, was not a consistent or even a common fea- 
ture of hemorrhagic shock in the baboons. At no time 
did a majority of animals show endotoxin in their blood. 
Further, the endotoxemia which was detected had no 
relationship to the level or duration of the hypotension. 

Several possible explanations for our observations 
must be considered. These considerations fall into the 
general areas of sensitivity of the assay method and 
appropriateness of the animal model used. 

Our estimates of the sensitivity of the Limulus assay 
method are in agreement with previous reports?? which 
describe detection of concentration as small as 5 x 10+ 
mgm/ml. We found this concentration to be detectable 
with 94% certainty. Others describe detection of 107 
mgm/ml,? a concentration at the lower limit of sensi- 
tivity of our method. 

Our procedure for interpretation of the lysate assays 
may have contributed to the low incidence of endo- 
toxemia found in this study. Insistence on formation of a 
firm gel, which adhered to the tube inverted to 45°, for 
designation of a "positive" result may have removed 
some samples that contained lower concentrations of 
endotoxin from the "positive" category. Lower concen- 
trations of endotoxin would produce lesser degrees of 
gelation (ie. increased viscosity and turbidity) and 
such changes have been considered as positive assays in 
previous reports??? However, our experience was that 
three investigators who read each test independently in 
the blind could agree only on the firmly adherent gel as 
an objective finding. The lesser states of turbidity and 
viscosity produced subjective disagreement among the 


interpreters, and therefore these results were considered ' 


as negative. These constraints on the interpretation of 
the lysate assay should be considered in evaluation of the 
study. 

While this technique can detect relatively small con- 
centrations of endotoxin in blood, endotoxemia could 
occur and be undetectable at concentrations below the" 
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threshold of the assay. It then becomes important to 
consider what blood levels of endotoxin are biologically 
significant. This question can be answered only indi- 
rectly. Reports of experimental studies describe the use 
of doses up to 21 mgm/kg to produce lethal endotoxin 
shock in previously healthy baboons.’ 

In our laboratory, we have found 10 mgm/kg as a 
single intravenous dose to be the smallest amount which 
is lethal for 100% of baboons. 

The distribution and rate of elimination of endotoxin 
is not known for the baboon. Therefore, blood levels that 
might be achieved with established LD100 doses can 
only be calculated on the basis of plausible assumptions. 
If it were assumed that endotoxin is distributed in the 
total body water space (80% of body weight), a dose of 
10 mgm/kg would create a blood concentration of 107* 
mgm/ml. This is a concentration which our assay would 
have detected with greater than 90% certainty. Even if 
we assume 902 clearance along with total body water 
distribution, we would have expected positive results 
more than 50% of the time with that dose. 

Therefore, it appears that blood levels which are 
known to be lethal in themselves would have been de- 
tected reliably in this study. Lesser blood levels, which 
alone may not be injurious but which can be damaging 
and perhaps lethal when superimposed on a state of 
hypovolemic shock are, of course, not known. Consider- 
ing these theoretical possibilities, it can be concluded 
that endotoxemia at concentrations known to be lethal 
was not demonstrated in these experiments. 

The more general question concerns the proposed role 
of splanchnic ischemic damage as a central feature of 
hemorrhagic shock. We found no anatomic evidence of 
ischemic damage to the splanchnic viscera in our study. 
When considered together with the low incidence of 
endotoxemia, it seems clear that vascular compromise of 
the bowel is not a feature of hemorrhagic shock in the 
baboon. 

Other studies have also found that normal viability of 
the gut is maintained during hemorrhagic shock in both 
baboons? and in several strains of monkey.!12:15.96.49 This 
is in distinct contrast with the hemorrhagic bowel 
necrosis described in canine hemorrhagic shock.??? An- 
other report? points to this as a basic species difference 
in mesenteric circulatory response to the low flow state. 

Additional reports have shown marked fluid sequestra- 
tion in the bowel of the dog in hemorrhagic’? and 
superior mesenteric occlusion® shock. Mortality was re- 
duced by fluid administration®° or by bowel excision.1® 
Lethality of the shock could be attributed to this loss of 
intravascular fluid, with no need to postulate any absorp- 
tion of endotoxin from ischemic bowel to explain the 


1 vascular collapse. 


The concept that the dog responds to hemorrhage by 
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development of ischemic gut necrosis has itself recently 
been questioned.? When no shed blood was reinfused, 
a pallid intestine and shrunken, pale liver and spleen 
were found. This indicated that the previously described 
splanchnic engorgement was actually an artifact of the 
repeated reinfusion employed in the Lamson reservoir 
technique?! for experimental hemorrhagic shock. 

Experimental work directed at a possible central role 
of the splanchnic vascular response to hemorrhagic 
shock must be evaluated in the light of the extent to 
which it reflects the conditions seen in man. There is 
little direct support for this concept of shock in clinical 
studies. One investigation of a group of patients with 
refractory hypotension?* reported no resemblance to the 
splanchnic vascular congestion of the canine irreversible 
hemorrhagic shock model in either the clinical course or 
at autopsy in those who died. It, was not felt to be neces- 
sary to postulate any role for endotoxemia or other form 
of intoxication to explain the course of these patients. 

While hemorrhagic necrosis of the intestine is a known 
clinical entity, they key feature of that condition is the 
superimposition of a decreased cardiac output on a 
mesenteric vascular bed which is already compromised 
by arteriosclerotic narrowing? Such patients are com- 
monly in the older age group, and they develop splanch- 
nic ischemia when flow through their narrowed mesen- 
teric vessels is further decreased as a result of cardio- 
genic shock or pulmonary embolism. 

There is no evidence that selective decrease of flow in 
the splanchnic circulation occurs and is then responsible 
for generalized vascular depression. Therefore, this clin- 
ical condition would not seem to support a thesis which 
places central importance on the splanchnic circulation 
in human hemorrhage shock. 

Endotoxin was detected too infrequently in our studies 
to be of likely physiologic significance, and the source of 
this observed sporadic endotoxemia is not clear. Contam- 
ination during the drawing of the blood samples could 
have occurred despite careful attention to sterility tech- 
niques, and this may be the most likely explanation. The 
uniformly negative results with the saline controls eval- 
uated with each group of test blood samples argue 
against the likelihood of contamination during the assay 
procedure itself. Alternatively, the observations may re- 
flect a true state of spontaneous, intermittent endotoxemia 
in baboons. This is suggested by the observations that 
the incidence of endotoxemia during the baseline period 

was as high as that in shock. This hypothesis also might 
explain the sporadic appearance of positive blood cul- 
tures. As increasingly sensitive assays for endotoxin or 
endotoxin-like material become available, the interpre- 
tation of experimental and clinical data may become 
even more difficult. 

Further work is needed to elucidate more fully the 
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nature and importance of circulating toxic materials 19. Lamson, P. D. and De Turk, W. E.: Studies on Shock In- 
which might be responsible for systemic responses to duced by Hemorrhage. J. Pharmacol. Exp. Ther., 83:250, 


1945. | 
shock. The role of the reticuloendothelial system and 90, Levin, J., Poore, T. E., Young, N. S., Margolis, S., Zauber, 


other immunological mechanisms in the response to these 
toxic materials must be defined in more detail. The 
conflicting data in the current literature indicate the 
need for more critical evaluation of animal species and 
shock models used in the experimental investigation of 
these important problems. 
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For a sure move...consider the two new stool softeners from Searle. 
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(dioctyl sodium sulfosuccinate 


Two of the highest quality and least expensive fecal softeners your 
patients can buy. Both have a broad range of usefulness and are 


available without a prescription. 


Comfolax is recommended: 


In Acute and Chronic Disease, in 
Hemorrhoids, and in Other Anorectal 
Disorders 


e Comfolax softens stools, thus minimizing 
colonic and anorectal imitations that may 
be caused by hard, dry feces. 


e Softening the stool can help eliminate 
painful, sometimes dangerous, straining. 
In Spastic Constipation 


e Comfolax generates a softened fecal 
mass for easier transit through the 
' hypertonic colon. 


In Pregnancy 


* Comfolax softens intestinal content without 
causing irritation or pelvic congestion and 
without increasing peristaltic activity. 


folax Comfolax-plus 


dioctyl sodium sulfosuccinate with casanthranol) 


Comfolax-p/us is recommended: 


In Stubborn Constipation 


e Comfolax-p/us softens intestinal content 
in impaction-prone patients and gently 
stimulates bowel! activity. 


Before Surgery 


* Rapid eliminarion is provided, thereby 
predictably ridding the bowel of its 
content in preparation for surgery. 


Following Surgical Procedures 


* Comfolax-plus counteracts intestinal 
atony, a frequent problem in patients 
during forced inactivity with debilitation. 


To Prevent Constipation in 
Postpartum Patients 


e Comfolax-plus provides gentle and 


predictable bowel action after childbirth. 


e Comfolax-plus minimizes schedule 
disruption for the mother during her first 
few days at home. 


Comfolax’ 


(ioctl sodium sultosuccinate] 


How supplied: 


Comfolax capsules are dark green and 
contain 100 mg. of dioctyl sodium 
sulfosuccinate. available in trade-size 
packages of 12 and 60. and in unit-dose 
cartons of 1,000 for hospitals 


Dosage: 


For simple constipation in adults or in 
children over 12, one Comfolax 100-mg 
capsule 1 or 2 times daily is recommended. 
in severe adult constipation, 2 capsules b.i.d 
Because of its dosage size. Comfolax is 

not recommended for use by children less 
than 12 years of age 


Comfolax-plus 


How supplied: 


Comfolax-pius is supplied in capsules 

of two-toned green, containing 100 mg of 
dioctyl sodium sulfosuccinate and 30 mg. of 
casonthranol, a gentle stimulant, in trade 
size packages of 10 and 60 capsules 

and in unit-dose cartons of 1,000 capsules 
for hospital use 


Dosage: 


The recommended adult dose is 1 or 2 
capsules at bedtime for 4 or 2 days. then 

! capsule daily as needed. Because of its 
dosage size, Comfolax-pius is not 
recommended for use by children less than 
12 years of age. 


Warnings: Do not use Comfolax-p/us 

when abdominal pain, nausea or vomiting 

is present. Frequent or prolonged use of this 

preparation may result in dependence 

on laxatives. 4G1 
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(about $21 plus postage and handling), 
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and return this page to W. B. Saunders Company, 
West Washington Square, Philadelphia, Pa. 19105. 
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Steroid Effect on the Release of the Lysosomal 
Enzyme Acid Phosphatase in Shock 


H. GERALD CLERMONT, M.D., JAMES S. WILLIAMS, M.D., JAMES T. ADAMS, M.D. 


The effect of corticosteroids on cellular resistance in shock 
was studied by serial measurement of the serum concentra- 
tion of the lysosomal enzyme acid phosphatase in untreated 
and steroid dogs subjected to hemorrhagic, endotoxin and 
cardiogenic shock. In each shock category, elevation in 
serum acid phosphatase was significantly less in steroid 
treated dogs as compared to untreated animals at correspond- 
ing time intervals. This diference was most apparent in 
endotoxin shock, next in hemorrhagic shock and least in 
cardiogenic shock. Steroid treatment also reduced the serum 
lactate increment in hemorrhagic and cardiogenic shock and 
delayed or reduced the onset and severity of the occurring 
acidosis, an apparent reflection of the ability of steroids to 


` promote increased tissue perfusion. In addition, steroid treat- 


ment increased or prolonged survival in all three shock 
groups. By showing that glucocorticoids affect a reduction 
in the release of the lysosomal enzyme acid phosphatase 
during shock, the study offers direct evidence that steroids 
enhance cellular resistance to shock stress in the dog. 
Whether this salutary effect is due solely to the abilitv of 
steroids to stabilize cellular membranes or is in part sec- 
ondary to promoting improved tissue hemodynamics could 
not be established. The interpretation and clinical application 
of these results must take into account the possibility of a 
species specific response. 


TEROIDS HAVE BEEN ADVOCATED in the treatment of all 
types of shock, 51715232531 but not without question 

as to their efficacy.?^?^?? Their use has been based on 
empiric data showing specific pharmacologic effects in 
both clinical$7715232631 and laboratory studies,3:11.12,80 
The salutory effect of these agents has been variously 
attributed to a direct inotropic action on the heart?? an 
increased cardiac output;?? an alpha adrenergic blocking 
effect,5!5 the promotion of peripheral vasodilation,9:* a 
restorative effect on blood pressure,’ an ability to com- 
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plex (bind) endotoxin?? and the capability for stabilizing 
lysosomal membranes.!129323 However, direct evidence 
that these pharmacological effects enhance cell resistance 
to the stress of shock is scant. 

A converient quantitative monitor of the extent of 
cellular damage is the amount of intracellular lysesomal 
enzyme released through the single-unit lysosomal mem- 
brane durirg a stress period.!J5 Previous studies have 
demonstrated that enzyme delivered into.lymph and 
blood during shock is time related, and that relativee 
values can be consistently correlated with survival 
rates.13.32 Theoretically, then, the measurement of en- 
zyme release should be an index of the effectiveness of 
steroids on cell integrity during shock. This hypothesis 
was investigated in the present study, in which the 
serum level of the lysosomal enzyme acid phosphatase 
was monitored in control and steroid treated dogs sub- 
jected to hemorrhagic, endotoxin and cardiogenic shock. 


Methods and Materials 


Fasted splenectomized mongrel dogs weighing be- 
tween 15 and 25 kg were lightly anesthetized with intra- 
venous pentobarbital (25 mgm/kg), anticoagulated with 
intravenous aqueous heparin (250 units/kg) and ven- 
tilated through a cuffed endotracheal tube at a constant 
volume and rate by means of a Harvard pump respirator. 
A heating blanket maintained the temperature at 37 C 
as monitored by an esophageal thermistor probe. Femoral 
artery pressire was recorded on a Sanborn polygraph 
recorded through a pressure transducer connected to a 
No. 16 Jelco indwelling arterial needle. Continuous intra- 
venous normal saline was administered at a rate to 
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equal the blood removed for sampling. Arterial acid 
phosphatase concentration, hemoglobin, lactate, pyruvate 
and pH were determined initially and at hourly intervals 
throughout the acute study period. 
Shock was induced in the three representative groups 
as follows: 


Group I, Hemorrhagic Shock 


In 12 dogs, after a suitable control period, mean ar- 
terial blood pressure was reduced to 40 mm Hg by 
bleeding, via an inferior vena caval catheter, into acid- 
citrate-dextrose vacuum bottles, at a rate not exceeding 
50 cc per minute. The pressure was maintained at this 
level for four hours after which all shed blood, warmed 
to 37 C and buffered to pH 7.3-7.4, was returned. The 
animals were studied for an additional hour and then 
followed for survival or five days. 


Group II Endotoxin Shock 


Following a suitable control period, shock was induced 
in 12 animals by the intravenous injection of 1.75 mgm 
per kg of escherchia coli endotoxin (Difco). Each animal 
was then given an arbitrary volume of 50 ml/kg of 
lactated ringers solution intravenously over the ensuing 
six hours. The dogs were studied for five hours and then 
followed for survival or five days. 


Group III Cardiogenic Shock 


,. Using a sternal splitting incision, shock was estab- 
lished by ligating the anterior descending branch of the 
left coronary artery just distal to its septal branch and 
as many branches of the posterior descending artery as 
necessary to produce and maintain a 30% or greater 
reduction in mean arterial blood pressure. Episodes of 
ventricular fibrillation were converted with external AC 
defibrillation. Nearly two-thirds of the dogs developed 
irreversible ventricular fibrillation and were thus un- 
suitable for study. Twelve surviving dogs were studied 
for five hours and then followed for survival or five days. 
Half the animals in each of the three shock groups 
received 30 mgm/kg of methyl prednisolone intrave- 
nously 30 minutes after shock was established. Water 
and a regular kennel diet was allowed ad libitum after 
recovery from anesthesia. 

Serum acid phosphatase was assayed according to the 
colorimetric method of C. F. Boehringer and Sons. Ali- 
quots (0.2 ml) were incubated with 0.0055 M p-nitro- 
phenylphosphate in 0.05 m citrate buffer, pH 4.8 at 37 C 
for 30 minutes. The values were corrected for hemoglobin 
content according to the rationale and protocol of Suther- 
land et al” and expressed in milliunits (mU) per ml, 
one milliunit corresponding to 0.06 millimole units ac- 
cording to Bessey-Lowry. 
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Determinations of pH were made using an IL blood 
gas analyzer (Model 113). 

Serum lactate and pyruvate concentrations were de- 
termined by ultra violet methods using commercially 
available kits (C. F. Boehringer and Sons) and the re- 
sults recorded as mgm per 100 ml of whole blood. 

Statistical probability of differences between com- 
parative groups was calculated from t values for paired 
groups using the standard error of the mean values. 


Results 


Group I Hemorrhagic Shock 


Shock was induced and blood pressure easily main- 
tained at 40 mm Hg throughout the shock period. Re- 
transfusion of blood returned the pressure to within 80% 
of control in untreated animals and to normal in steroid 
treated dogs. Four of the six steroid treated dogs sur- 
vived while no untreated animal recovered. 

During the four hours of shock, there was a progres- 
sive decrease in serum pH and increase in serum lactate 
and pyruvate concentration in both groups (Table 1). 
The degree of acidosis and the elevation in lactate con- 
tent was significantly less pronounced in the steroid 
treated dogs but steroids did not affect the pyruvate 
levels. At the end of four hours of shock, the mean 
serum pH in the untreated group was 7.02 compared to 
a mean pH of 7.18 in the treated group (P of difference 
« .01). The mean lactate concentration at four hours 
in the untreated dogs was 35.33 mg % compared to a 
concentration of 24.96 mg$ in the steroid treated dogs 
(P of difference « .01). One hour following the re- 
infusion of shed blood, there was a near recovery in 
serum pH in both untreated and steroid treated dogs. 


Pal 


However, lactate levels further increased with a pro- 


portionately greater rise in the dogs that had not re- 
ceived steroids (P of difference after 5 hours « .001). 

In the untreated dogs, mean serum acid phosphatase 
concentration increased progressively during shock to a 
level which was nearly eight times above control after 
four hours and with a further increase to a concentration 
12 times above the mean preshock value at one hour 
following retransfusion (Table 2). In steroid treated 
animals, the enzyme elevation was only four fold after 
four hours of shock and only six fold above control one 
hour after the return of shed blood. These differences 
between the two groups were highly significant (P « 
.001). . 


Group II Endotoxin Shock 


Administration of endotoxin produced an initial 40%- 


drop in mean systolic blood pressure. In the dogs not 
receiving steroids, the pressure gradually returned to 
within 10-15% of control after one hour and then slowly 


ie. S 
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* Mean + S.E.M. 


decreased once again. In steroid treated dogs, the blood 
pressure returned fully to normal and generally re- 
mained at this level. All untreated animals died while all 
treated animals survived. 

The metabolic parameters measured were uninflu- 
enced by steroid administration (Table 1). In both the 
untreated and steroid treated groups, the serum lactate 
concentration approximately doubled with a propor- 
tionately smaller increase in pyruvate concentration. 
However, acidosis did not occur during the five hours 
that serum pH was monitored. 

In non-steroid treated dogs, mean serum acid phos- 
phatase increased steadily throughout the study period 
to achieve a concentration nearly eight times above con- 
trol after five hours (Table 2). By comparison, in the 
steroid treated animals, only a two and one-half fold 
increase in enzyme concentration occurred over the same 
interval (P of difference « .001). 


Group III Cardiogenic Shock 


Shock was induced and blood pressure maintained at 
a level 30% or more below control with little variation 
during the study period. Administration of steroids ap- 
peared to stabilize cardiodynamics since ventricular 
fibrillation, which occurred frequently in untreated 


. animals, was much less common in treated dogs. No 


animal survived but survival was prolonged in the steroid 
treated dogs by an average of 17 hours. 

Steroid treatment had no affect on the increase in 
serum pyruvate but produced a modest but significant 
suppressive effect on the degree of occurring acidosis 
and the increase in serum lactate (Table 1). Mean 
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TABLE 1. Melabohe Parameters 
(Mean Values) 
No Steroids Pyruvate Steroids Pyruvate 
Time (Hours) pH Lactate (mg%) (mg%) pH Lactate (me%) (mg) 

Hemorrhagic Shock Control 1:51 10.63 1.14 1.43 0.87 1.03 
1 7.34 15.75 1.40 7.34 11.18 1.29 
2 7.23 19.50 1.79 7.29 15.04 1.79 
3 7.10 24.09 1.88 7.22 18.29 2.19 

4 7.02 a .028* 35.33 41.5* 2.244 .21* 7.18 + .022* 24.96 — 1.8* 2.58 + .14* 

Retransfusion 

7.38 + .032* 46.30 41.9% 2.11 + .25* 7.39 + .041* 28.50 = 1.0* 2.89 + .32* 
Endotoxin Shock Control 7.43 10.14 1.14 7.46 9.29 1.06 
1 7.42 14.61 1.16 7.41 14.19 1.53 
2 7.40 ` 16.80 1.34 7.38 17.10 1.83 
3 7.40 18.99 1.48 7.37 19.00 1.70 
4 7.42 20.41 1.57 i 7.37 22.71 1.81 

5 7.42 + .022*- 21.66 + 1.6* 1.72 & .42* 7.36 4 .025* 24.08 — 1.3* 1.96 4 .25* 
Cardiogenic Shock Control 7.43 9.98 1.11 7.43 10.30 1.09 
1 7.29 i 16.45 1.56 7.33 14.37 1.48 
2 7.16 23.70 1.79 1:25 19.78 1.96 
3 7.09 32.70 2.05 7.20 26.44 2.24 
4 6.99 39.72 2.18 7.14 30.74 2.69 

5 6.90 + .038* 52.17 + 2.2* 2.50 + .30* 7.00 + .028* 41.62 — 1.7* 2.97 4 .18* 


serum pH after five hours of shock was 6.9 in the un- 
treated group and 7.0 in the treated group (P of differ- 
ence < .05) and mean lactate concentration was 52.17 
mg % in untreated dogs compared to 41.62 mg % in the 
steroid treated dogs (P of difference < .02). 


Discussion 


Shock of any cause results in inadequate tissue per- 
fusion,?1979 failure of the cytochrome electron transport 
system,” a shift to anerobic metabolism,?? change toa 


TABLE 2. Serum Acid Phosphatase 
(Mean Values) 
Time No Steroids Steroids 
(Hours) (mU/ml) (mU/ml) 

Hemorrhagic Shock Control 2.53 3.43 

1 4.98 4.56 

2 7.87 7.46 

3 13.63 9.90 

4 19.19 + .50* 13.13 + .72* 

Retransfusion 

5 30.41 + 1.73% 19.19 + .95* 
Endotoxin Shock Control 2.02 2-73 

1 4.78 3.70 

2 5.76 4.04 

3 7.84 4.81 

4 10.98 5.56 

3 15.82 + 1.20* 6.23 + °92* 
Cardiogenic Shock Control 2.93 2.76 

1 4.57 5.48 

2 7.24 7.37 

3 17.17 12.46 

4 25.92 17.17 

5 38.38 + 3.12* 26.26 + 1.92* 


* Mean + S.E.M. 
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hexose monophosphate shunt with a marked reduction 
„in high energy phosphate production, a loss of trans- 
membrane potential with failure of cellular transport 
mechanisms,* and a progressive deterioration of the cell 
lipoprotein membrane integrity eventuating in cell death 
‘by autolysis. Since lysosomal membranes, like cell mem- 
branes, are lipoprotein in nature, adenosintriphosphate 
(ATP) is necessary for their maintenance. If there is 
insufficient ATP production, as occurs in shock, the 
hydrolytic enzymes contained by the lysosomal mem- 
brane egress and enter the lymph and serum. Thus 
release of lysosomal enzymes is a sensitive index of cel- 
lular tolerance to shock stress.9:19.12,13.15 | 

Previous studies showed that the progressive increase 
in serum lysosomal enzymes during shock is essentially 
a result of intestinal and hepatic anoxia*9/51193 with the 
enzyme gaining access to the general circulation pri- 
marily via thoracic duct lymph.29!? This increase in 
serum enzyme content does not become significant until 
at least two hours of shock which is apparently the dura- 
tion of inherent cellular membrane stability to sustained 
ischemia. Since steroids not only stabilize lysosomal 
membranes,!^3235 but also increase cardiac output™*° 
and reduce peripheral resistànce,$4*!9 then we would 
expect that enzyme rise during shock would be delayed 
by steroid use. Indeed, in all three of oür shock prepara- 
tions, serum acid phosphatase elevation in steroid treated 
animalsewas significantly less than in untreated dogs at 
corresponding time intervals after two hours of shock. 
This suppressive response by steroids was most pro- 
nounced in the endotoxin shock group which may be 
related to the fact that steroids "complex" endotoxin?? 
thus preventing any direct or indirect toxic effect on 
cells and lysosome.1* The response was least apparent 
in the cardiogenic shock group perhaps due to the con- 
tinued severe degree of shock stress in our experimental 
. model. Whether suppression of serum acid phosphatase 
in treated animals was related to the steroid effect on 
lysosome membrane stabilization or to improved tissue 
perfusion, or both, is not known. 

Indirect evidence from previous work by ourselves? 
and others?* indicates that lactate originates primarily 
from skeletal muscle during shock. Thus, it may be 
theorized that lactate accumulation is an indirect mea- 
sure of muscle perfusion. Using this index, it was noted 
that the administration of steroids reduced serum lactate 
accumulation in the hemorrhagic and cardiogenic shock 
groups, thus apparently improving muscle perfusion. The 
failure of lactate levels to be influenced by steroids in the 
endotoxin shock group could indicate that either inade- 
quate perfusion of skeletal muscle is not an early feature 
of this type of shock or that the peripheral pharma- 
cological effects of endotoxin, once established, are not 
altered by steroids? In this regard, the specific early 
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vasoconstriction effect of endotoxin on canine hepatic 
venous sphincters causing hepatic outflow blockade may 
also be a factor.? | 

Another index of improved tissue perfusion resulting 
from the use of steroids in shock was the delay in onset 
and severity of acidosis in our treated animals. Again, 
this effect was most evident in the hemorrhagic and 
cardiogenic shock groups. Since acidosis is not an early 
feature of endotoxin shock? no alteration in pH would 
be expected with the use of steroids during the five hour 
study period. 

Although the numbers of dogs were small, a final 
beneficial effect of steroids in the treatment of shock 
was evident from the survival rates. No untreated dog 


subjected to hemorrhagic or endotoxin shock survived. 


By comparison, survival in the respective group of ani- 
mals receiving steroids was 66% (4 of 6 dogs) and 1005. 
Even in the cardiogenic shock group, where the severe 
insult to the heart was ultimately fatal, the organ was 
more stable after the administration of steroids. In this 
group, arrythmias, which were common prior to steroid 
administration, were rare afterwards and survival was 


prolonged. 
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Cystic Disease of the Liver 


PETER M. SANFELIPPO, LT. COL., USAF (MC), OLIVER H. BEAHRS, M.D., 


The clinical presentation, pathology, and appropriate sur- | 


gical management of cysts of the liver were analyzed in a 
review of 150 cases of hepatic cystic disease encountered 
surgically at the Mayo Clinic from Jan. 1, 1954, through 
Dec. 31, 1971. The incidence of this disease was 17 per 
10,000 abdominal explorations. The series included 82 soli- 
tary cysts, of which 15 produced symptoms; 49 multiple 
cysts, of which 7 were symptomatic; 13 hydatid cysts, of 
which 12 were symptomatic; 3 traumatic cysts, of which 2 
were symptomatic; and 3 inflammatory cysts, of which 1 was 
symptomatic. Symptoms, when present, comprised (in order 
of frequéncy ) the presence of an abdominal mass, abdominal 
pain, and hepatomegaly. Congenital and hydatid cysts were 
located most often in the right lobe of the liver. The smallest 
cysts were the multiple cysts (average diameter, 4.3 cm) 
and the largest were the hydatid cysts (average diameter, 
10.5 cm). Histologically, the lining of the congenital cysts 
most often was of cuboidal epithelium: The treatment of 
congenital cysts included simple biopsy, aspiration, and ex- 
cision. In cases of hydatid cysts, preliminary sterilization 
was found to be essential prior to aspiration, Hydatid cysts 
may be excised or opened, evacuated, and the cavity 
obliterated. In certain cases hepatic resection may be war- 
ranted in order to remove all of the hydatid disease. 


Co DISEASE OF THE LIVER presents a spectrum with 
respect to clinical presentation, pathology, and 
appropriate surgical management. Cysts of the liver are 
encountered infrequently. During the period between 
Jan. 1, 1954, and Dec. 31, 1971, 150 cases of hepatic 
cystic disease were encountered at the Mayo Clinic. 
The features of these cases form the basis for this 
review of the surgical experience at this institution. 


Submitted for publication June 28, 1973. 

The views expressed herein are those of the authors and do 
not necessarily reflect the views of the Air University, the United 
States Air Force, or the Department of Defense. 

Reprint requests: Dr. Sanfelippo, c/o Section of Publications, 
Mayo Clinic, 200 First St. SW, Rochester, Minnesota 55901. 


LOUIS H. WEILAND, M.D. 


From the Mayo Clinic and Mayo Foundation, 
Rochester, Minnesota 


Clinical Findings 
Incidence of Hepatic Cysts 


During the period of this review, approximately 88,000 
abdominal explorations were performed. Since the num- 
ber of hepatic cysts found by these explorations was 
150, the incidence of hepatic cysts in this series was 17 
per 10,000 explorations, a minimal incidence since many 
small cysts were probably not noted or recorded. 


Sex and Age Distribution 


Of the 150 patients with hepatic cysts, 61 were males 
and 89 were females. Their ages ranged from four 
months to 88 years. Table 1 summarizes the details re- 
lating to sex and age of the patients; this table also 
relates sex and age to the type of cyst. 

In general, congenital cysts were more frequent in 
females, and acquired cysts were more frequent among 
males (Table 1). Most of the congenital cysts were 
found in patients in the fifth, sixth, and seventh decades 
of life; the mean age of these patients was 59 years. 
Of the acquired cysts, parasitic (hydatid) cysts were 
most frequent in the fourth and fifth decades of life; 
traumatic cysts were most frequent in the fourth decade; 
and inflammatory cysts were most frequent in the 
seventh decade. | 


Signs and Symptoms 

Symptoms were responsible for surgical exploration in 
a varying proportion of patients, depending on the 
nature of the cyst. Symptoms initiated surgical explora- 
tion in one-sixth of the patients with congenital cysts, 
one-third of those with inflammatory cysts, two-thirds 
of those with traumatic cysts, and nine-tenths of patients 
with parasitic cysts. : 
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TABLE 1. Age and Sex Disiribulion of Patients With Hepatic Cysts 
Type of Cyst 
Solitary Multiple Traumatic Inflammatory Parasitic 
Sex 
Male 31 17 2 2 9 
Female 51 32 1 1 4 
Total 82 49 3 3 13 
Age, yr 
0-30 4 G 1 0 i 
30-40 2 0 0 0 2 
40—50 9 8 2 0 6 
50—60 25 20 0 0 4 
60~70 22 13 0 1 0 
>70 20 8 0 2 0 
Range 0.3-82 40-88 4-45 63-76 25-58 
Mean 59 59 31 71 44 


Congenital Cysts. Of the patients with congenital 
cysts who had symptoms, the presenting feature was an 
abdominal mass in approximately 54%, hepatomegaly in 
40%, abdominal pain in 33%, and jaundice in 97. 

Parasitic Cysts. Of the patients with parasitic cysts 
who had symptoms, 69% had abdominal pain, 54% had 
hepatomegaly, and 23% each had an abdominal mass or 
jaundice. 

The details of clinical presentation are summarized 
in Table 2. 


Pathologic Findings 


M acroscopic Features 


For the purposes of study of the pathologic features, 
hepatic cysts were classified as solitary, multiple, and 
parasitic (Table 3). In regard to size, the solitary con- 
genital cysts averaged 4.3 cm in diameter, the multiple 
congenital cysts averaged 1.2 cm, and the parasitic cysts 
averaged 10.5 cm. 

Multiple hepatic cvsts were found in 49 patients, and 


` in 10 of these there was associated polycystic renal 


disease. 

Most of the cysts, whether congenital or acquired, 
were located in the right lobe of the liver. 
Microscopic Features 


Tissue was available for review from 54 cases of 
congenital cysts and seven cases of parasitic cysts. Table 
4 summarizes the histologic findings. 


TABLE 2. 


No. of Patients with 


: Type of Cyst Symptoms Mass 
Solitary (N = 82) 15 8 
Duration 1 wk-6 yr 1 wk-6 yr 
Multiple (N =49) 7 4 
" Duration 4 mo-4 yr 4 mo-3 yr 
‘Traumatic (N = 3) 2 1 
Inflammatory (N = 3) 1 0 
Parasitic (N = 13) 12 3 
* Duration 1 mo-17 yr 10-16 yr 
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TABLE 3. Gross Pathologic Features of Hepatic Cysts 


Lobe of Liver* No. of Patients 


with Associated 


Type of Cyst Right Left Diameter (cm) Renal Disease 
Solitary 94 28 | 0.2-20.0 0 
(av., 4.3) 
Multiple 13 10 0.2-4.0 10 
(av., 1.2) 
Parasitic 12 4  6.0-20.0 0 
(av., 10.5) 


* Data apply only to cases in which location was specified. In 
some cases cysts may have involved both lobes. 


Epithelial Lining. With respect to the congenital 
cysts, the epithelium that most frequently formed the 
lining of the cyst was cuboidal. In approximately 50% 
of the congenital cysts the walls contained bile duct 
tissue. The adjacent liver tissue, if present, showed fatty 
change or periportal inflammation. As to the hydatid 
cysts, all had the characteristic inner germinative layer 
and an adventitia comprising connective tissue and 
various cellular elements. 

Cystic Fluid. The fluid from the congenital cysts was 
usually clear and yellow, brown, or yellowish brown. The 
fluid was either neutral or alkaline, and it contained 
protein, chloride, urea, leukocytes, cellular debris, and 
little bile. In one cyst—a true retention cyst associated 
with biliary atresia—the fluid contained frank bile. The 
fluid from the traumatic and inflammatory cysts con- 
tained more debris and leukocytes. The traumatic cysts 
usually contained, in addition, bile and old blood. The 
hydatid cysts contained fluid that was under highef 
pressure, colorless, and alkaline; usually daughter cysts 
were present. 


Methods of Treatment 


Surgical management consisted of one or more of the 
following methods: aspiration or drainage, biopsy, and 
excision (Table 5). For a substantial number of con- 
genital cysts there was no surgical treatment. This was 
primarily because they were very small, asymptomatic, 
and incidental findings at surgical exploration for other 
reasons. 


Clinical Presentation of Patients With Hepatic Cysts 


Pain Hepatomegaly Jaundice 
3 6 2 
1 wk-3 mo 4 mo-6 yr 3-4 mo 
4 3 0 
4 mo- 4 yr 3 yr-4 yr 
0 i 
0 6 1 
8 6 3 
1/3-17 yr 1 mo-16 yr 1 mo-5 yr 


= 5 
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TABLE 4. Histologic Features of Hepatic Cysts* 
Type of Cyst 
Solitary Multiple Total 
Feature (N = 35) (N = 19) (N = 54) 
Lining 
Noncellular d 5 8 
Endothelial 13 2 15 
Cuboidal 13 11 24 
Columnar 6 1 7 
Wall contents 
Bile ducts 15 10 25 
Inflammation 10 3 13 
Calcification 4 1 5 
Hepatic tissue 5 7 i2 
_Liver tissue 
Fatty change 3 3 6 
Bile stasis 1 0 i 
Periportal inflammation 3 1 4 
Fibrosis , 2 0 2 


* Tissue from only 54 cases was available for review. The numbers 
in the vertical columns exceed 54 because some cysts showed more 
than one histologic feature. 


Congenital Cysts 

Of the solitary congenital cysts, 26 were treated by 
drainage or aspiration alone and 40 were treated by 
partial or total excision. Of the nine that were partially 
excised, the cavities of two were also drained for a 
period following excision; recovery was complicated in 
one case by prolonged drainage and in the other by 
infection. | 

Of the 49 cases of multiple hepatic cysts, biopsy alone 
was performed in 23, drainage was the treatment in two, 
and partial excision in another two. 
« Among the patients who had congenital cysts there 
were no hospital deaths associated wtih surgical man- 
agement. 


Acquired. Cysts 
Inflammatory Cysts. Three patients had inflammatory 
cysts that were not of hydatid origin. One patient, who 
had symptoms, was treated by aspiration of the cyst. 
Traumatic Cysts. Three patients had cysts that were 
traumatic in origin. Two patients had symptoms; the 


TABLE 5. Treatment of Patients With Hepatic Cysts 


Method of Treatment 





Biopsy Drainage or 


Type of Cyst Only Aspiration 


Solitary l 26 40 
Ng. patients with symptoms 


Excision 


Multiple 23 2 2 
No. patients with symptoms 4 0 2 
Inflammatory 0 1 0 
No. patients with symptoms 0 1 0 
Traumatic 0 2 1 
No. patients with symptoms 1 1 (partial) 
Parasitic 0 3 10 (5 total; 
(formalin) 4 partial; 
1 intraductal) 


No. patients with symptoms 0 2 10 
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treatment of one was aspiration and the treatment of 
the other was partial excision of the cyst. One patient 
did not have symptoms; treatment was aspiration. 

Parasitic Cysts. There were 13 patients who had 
hydatid cysts. Of these 13, the treatment was aspiration 
and formalinization in three and excision in 10. Of the 
10 cases of excision, total excision was done in five (in 
three, hepatic lobectomy was performed); partial ex- 
cision was done in four; and excision of the cyst with 
removal of extension into the main hepatic and common 
bile ducts was the treatment in one patient. 

Among the patients treated by excision, there was one 
death (due to sepsis complicated by renal failure) and 
certain complications that delayed recovery. The com- 
plications included biliary obstruction (one case), recur- 
rence of cyst, requiring reoperation (one case), and 
prolonged drainage from the residual cavity (two cases). 


Discussion 


This report is the second review of the Mayo Clinic 
experience of hepatic cysts. Henson and colleagues** 
earlier reviewed the period from 1907 through 1953. 
These authors reported on 77 hepatic cysts. The details 
of type of cyst studied in the series of Henson and col- 
leagues and those of the present series are compared in 
Table 6. 

The incidence of hepatic cysts in the present series 
(17 per 10,000 abdominal explorations) is similar to that 
reported for autopsy series (14-53 per 10,000 abdominal 
explorations).?^* The absolute incidence of congenital 
cysts is likely to be higher than that presently reported 
because many cysts of only a few millimeters in diameter 
probably were not detected or, if they were detected, 
may have not been reported. 

The presence of bile duct epithelium in the cyst lining 
and of ductal elements in the congenital cyst walls lends 
support to the hypothesis that these cysts originate when 
excess intrahepatic ductules fail to involute and progres- 
sively dilate as a result of their failure to establish com- 
munication with the biliary tract.9:? 

Our findings suggest that hydatid cysts give rise to 
symptoms that indicate the presence of cysts more fre- 
quently than do other types of cysts. Of the patients with 
hydatid cysts, 90% had symptoms; in contrast, less than 


TABLE 6. Comparison of Distribution of Hepatic Cysts in Two 
Mayo Clinic Series 
Series 


Present Series 
. (1954-1971) 


Henson e! ai.8-§ 


Type of Cyst (1907-1953) 


Polycystic 29 40 
Cystadenoma . 5 0 
Traumatic 5 3 
Parasitic 0 13 
Inflammatory © 0 3 
Solitary 38 82 


Total no. of patients 77 150 


^. 
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15% of patients with congenital cysts had symptoms that 
indicated the presence of a cyst. 

Apart from their symptoms, all 13 patients with hy- 
datid cysts had other evidence of disease; namely a 
positive Casoni test (13), a positive complement fixation 
(13), eosinophilia exceeding 5% (4), and roentgeno- 
graphic evidence of hepatic cyst with calcification (4). 
Hydatid hepatic cystic disease may also present with 
acute biliary obstruction with rupture into the biliary 
tree and, if there is a leak or rupture, allergic reactions. 

Congenital hepatic cystic disease also may present in 


ways other than those that have been mentioned. Oc-. 


casionally, cystic disease may present as an acute ab- 
dominal emergency,?? the immediate cause being one of 
the complications: torsion of the cyst pedicle, hemor- 
rhage into the cyst with rapid increase in its size, or 
rupture into the peritoneal cavity. 

Although carcinoma arising in the epithelial lining of 
congenital hepatic cysts has been reported,;!? no such 
cases were found in the present series. 

With respect to the treatment of patients with hepatic 
cysts, the method depends on the type of cyst. Thus 
patients with solitary congenital cysts who have no 
symptoms, for example, are appropriately treated by 
either biopsy and drainage or excision. In patients with 
symptoms, excision of all or most of the cyst and oblitera- 
tion of any residual cavity appear to be preferable. In 
this type of cyst, large amounts of bile in the cyst fluid 
should encourage creation of internal drainage. In the 
present series it seems clear that the creation of a drain- 
age tract to the exterior was associated with increased 
morbidity. 

In the case of multiple cystic disease, excision of a 
large portion of the diseased tissue may be a major 
undertaking that is unwarranted by the extent of the 
lesion. The clinical course of such patients is usuallv 
characterized by hepatomegaly without significant 
alteration of hepatic function.'!? The association of 
multiple hepatic cystic disease with polycystic disease, 
particularly in the presence of hypertension, is a threat 
to the patient’s health and life. 

With regard to traumatic cysts, the treatment should 
include decompression of the biliary tract in addition to 
adequate drainage of the cyst. Inflammatory cysts seem 
to be treated adequately by drainage and excision of as 
much of the wall as is feasible. 

In the case of a large solitary cyst, aspiration of the 
cyst and isolation of the aspiration site should be done 
carefully, because of the possible establishment of per- 
itoneal hydatids and the provocation of an immediate 
anaphylactic reaction should hydatid cyst fluid be al- 
lowed to contaminate the peritoneum. If a hydatid cyst 
is suspected, the contents of the cyst should be sterilized 
with a scolicidal agent. Many such agents have been 
evaluated.1*® The agents most frequently used are 10% 
formalin, hypertonic saline, and 0.5% silver nitrate. After 
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the cyst contents have been sterilized, they can be as- 
pirated and the cyst can be shelled out?! Surgical ex- 
posure should be adequate; this may require a thoraco- 
abdominal incision if the cyst lies on the superior surface 
of the liver or a posterior incision through the bed of 
the 11th or 12th rib if the cyst is on the posterior surface 
of the right lobe. The residual cavity can then be ob- | 
literated by marsupializationj9?3! suture-closure,)* or 
closure around a drainage tube. On occasion, for large 
or multiple cysts or the alveolar form of the disease, 
partial hepatectomy or hepatic lobectomy may be neees- 
sary iot 

The surgical treatment of all forms of hydatid disease 
has been reviewed by Romero-Torres and Campbell.” 
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Glucose Tolerance and Insulin Response during and 


after Elective Skeletal Surgery 


MARKKU AARIMAA, M.D., PAR SLATIS, M.D., LAURI HAAPANIEMI, M.D. 


Six patients undergoing elective femoral osteotomy were 
subjected to a series of intravenous glucose tolerance tests 
and plasma insulin determinations in a study of the way 
-in which a standard operation affects carbohydrate me- 
tabolism. The glucose tolerance of all patients assumed a 
diabetic pattern; this was already observable in the test 


made on admission to the operating theater and was still . 


evident during the last test on the second postoperative day. 
The changes were most profound during and four hours 
after the operation. Insulin secretion was suppressed on the 
day of operation, but exceeded preoperative values in the 
postoperative period. Urinary excretion of catecholamines 
was determined in 4 patients; there was no correlation be- 
tween the degree of insulin suppression and the catecho- 
lamine output. The assumption that the hyperglycemic re- 
sponse and insulin suppression are mediated along splanchnic 
neural pathways was not confirmed in a quadriplegic pa- 
tient, who responded to an intravenous glucose tolerance 
test soon after the injury with hyperglycemia, insulin sup- 
pression and a low catecholamine output. It is concluded 
that the hyperglycemia and insulin suppression observed 
after trauma represent a complex and purposeful metabolic 
response, in which several .causative factors are involved. 


RB LOSS AND TRAUMA induce changes in carbohy- 
drate metabolism. In primates hemorrhage and 
tissue injury rapidly give rise to hyperglycemia and 
simultaneous suppression of insulin release.1,*..16 
Whereas the hyperglycemic response after trauma has 
been observed repeatedly,®?! and even correlated with 
the severity of the injury,*!° the characteristics of the 
insulin reaction after injury remain less clearly de- 
lineated. In burns, glucose tolerance is impaired and 
plasma insulin values are low.’ Further, in severely 
wounded soldiers Carey? demonstrated a profound sup- 
pression of insulin release which did not return to normal 
within 48 hours. This observation was soon confirmed 
in a series of civilian casualties.'? In contrast, Ross and 
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associates? observed a rise in fasting plasma insulin 
levels for at least 72 hours after abdominal opera- 
tons, in addition to high fasting blood-glucose levels 
and reduced tolerance to intravenous glucose. 

The changes in blood sugar and insulin levels ob- 
served during stress and trauma have been ascribed 
largely to increased sympathetic system activity and 
adrenalin output. Oligemic shock and pain increase the 
release of adrenalin; this might provoke hyperglycemia 
either by well-documented actions on carbohydrate me- 
tabolism or by a simultaneous inhibitory effect on pan- 
creatic insulin secretion, as demonstrated by Porte.!* 
Porte also showed that the insulin-suppressing effect of 
adrenalin could be prevented with alpha-adrenergic 
blockade with phentolamine. During anesthesia, how- 
ever, Allison and associates? could not prevent the insulin 
suppression with phentolamine, which indicates that a 
more complex mechanism is involved in producing the 
hyperglycemia and insulin suppression during stress 
conditions. 

In this study interest was focused on the changes in 
intravenous glucose tolerance and insulin secretion be- 
fore, during and after elective skeletal surgery. The 
results indicate uniform and notable alterations in car- 
bohydrate metabolism not closely correlated with the 
catecholamine output. 


Material and Methods 


The series comprises six nondiabetic patients with 
degenerative changes of the hip joint, subjected to 
intertrochanteric displacement osteotomy of the femur. 
The mean age of the patients was 57 years. These 
patients were informed of the aim of the study and gave 
their consent to the scheduled test program accompany- 
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ing their planned hip operation. The operations were 
performed under halothane anesthesia. The mean re- 
placement of blood during surgery was 2 800 ml. 

The glucose tolerance test was performed as an intra- 
venous 3-minute injection of 50% glucose in an amount 
corresponding to 0.5 g/kg body weight. After this, blood 
samples for glucose and insulin analysis were collected 
at 10-minute intervals during 1 hour. The glucose toler- 
ance test was done six times: on the morning of the day 
before the hip operation, on the morning of the operation 
day before administration of the preanesthetic drug, 
during the operation immediately after transsection of 
the femur, four to six hours after closure of the wound 
and on the mornings of the first and second postoperative 
days. 

In four patients urine samples were collected in con- 
nection with each glucose tolerance test for determina- 
tion of catecholamines. The collections lasted three hours 
and were started one hour before injection of glucose 
and completed one hour after withdrawal of the last 
blood sample. 

Blood glucose determinations were made with a Beck- 
man Glucose Analyzer? insulin determinations were 
done by radioimmunologic assays,” and catecholamine 
determinations by a fluorometric technique.* 


Results 


The results of the six sequential glucose tolerance tests 
are depicted graphically in Fig. 1, each point being the 
mean of measurements on six patients. 


GLUCOSE TOLERANCE AND INSULIN RESPONSE 
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Basal Values of Glucose, Glucose Tolerance 
and Insulin Response . 


The basal values of blood glucose noted before each 
intravenous glucose tolerance test rose slightly to the 
highest value, which was noted in the first postoperative 
samples. Basal blood glucose values did not decline to 
preoperative values during the two postoperative days. 
The basal blood glucose levels before the six successive 
glucose tolerance tests were as follows: 4.65 + 0.91, 
9.17 + 0.68, 5.73 + 0.57, 6.77 + 0.65, 6.30 + 0.70 and 
6.06 + 0.88 mmol/1* 

The glucose tolerance test was normal in all patients 
on the morning of the day preceding the operation: peak 
values of blood glucose and insulin were recorded within 
10 minutes, after which the curves fell evenly and 
reached normal values in 60 minutes. Glucose tolerance 
tests performed the following morning before premedica- 
tion already revealed pathologic alterations of the pre- 
viously normal curves: glucose values remained at a 
higher level and the insulin response was retarded. Dur- 
ing the operation and a few hours after completion of 
the surgical procedure both glucose tolerance and insulin 
response were greatly altered: the blood glucose curve 
was diabetic with protracted high values, and. insulin 
secretion was greatly depressed. 

Although the glucose tolerance test was still clearly 





* The corresponding basal blood glucose levels expressed in 
mg %: 85 + 17, 94 + 12, 104 + 10, 123 + 12, 115 + 13, and 
110 + 16. 
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diabetic on the first postoperative day, the insulin re- 
sponse had altered completely. After a slightly delayed 
peak, the insulin concentrations reached higher values 
than previously and the curve remained high: a much 
greater amount of insulin was secreted than after the 
same glucose load under normal conditions, Similar 
alterations in glucose tolerance and insulin response 
were demonstrable on the second postoperative day. 


Urinary Catecholamines 


The catecholamine values in the three-hour samples 
have been compiled in Fig. 1 and Table 1. The mean 
excretion of catecholamines was lowest during the day 
of operation and highest on the second postoperative 


day. 
Discussion 


These data show that during elective orthopedic op- 
erations associated with a moderate degree of tissue 
injury the glucose tolerance of the patient is depressed; 
insulin secretion is suppressed on the day of operation, 
but exceeds normal limits on the first and second post- 
operative days. The postoperative insulin response to 
an intravenous glucose infusion does not parallel the 
swift rise and protracted fall of the blood-glucose values, 
but the values remain on a high level after the initial 
increase. 

The ehyperglycemia and insulin suppression after 
trauma are still largely unexplained. According to the 
generally accepted view, most of these changes may be 
attributed to an increased adrenalin release.1210.19 
Hemorrhage in man elicits high levels of blood cate- 
cholamines and a substantial increase in the amounts of 
urinary adrenaline and noradrenaline. It should be 
noted, however, that if the hemorrhage is followed by 
immediate replacement of equivalent amounts of blood, 
as during elective surgery, there is no increase in urinary 
adrenaline excretion.” No firm evidence has been put 
forward that the concentrations of adrenaline and nor- 
adrenaline increase during elective surgical procedures 
of minor or moderate severity,*9;" although several au- 
thors have observed an increase in the quantitites of 
urinary catecholamines in the postoperative period.57.13 
The amounts of catecholamines excreted in the urine in 
the present series were low during the day of operation 


Urinary Catecholamine Output in Four Patients Subjected 
to Intertrochanteric Osteotomy of the Femur 


TABLE 1. 


Urinary Catecholamines in the 3-hour Samples (ug) 


Preop. Operation Day Postop. | Postop. 
Patient Day I II III Day I Day II 
1 5 3 3 2 7 10 
2 7 7 1:5 2 7 18 
3 5.5 3 1 I5" 7.5 6.5 
4 9 (4 3 4.5 11 11.5 
Mean ex- 
cretion 
mmm /h 2:2 1.4 0.7 2.0 2. 3.8 


* Postoperative hemorrhage. Replacement 16 units blood. 
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but rose above the normal level on the second post- 
operative day; the only exception was the patient with 
an unexpected postoperative hemorrhage in the recovery 
room, who had a high catecholamine output in the urine 
samples four hours after the operation (Table 1). Fur- 
ther research is needed to show whether an elevated 
adrenaline concentration is the cause of the posttrau- 
matic hyperglycemia and low insulin release. 

Another mechanism causing insulin suppression during 
stress conditions might be direct neural action on the 
pancreas, transmitted through sympathetic nerve fibers. 
During combat conditions apprehension and fear have 
been demonstrated to cause both a rise in blood sugar 
and a suppression of the insulin release. Similar re- 
actions have been observed before the beginning of 
anesthesia? During the course of this study, we had 
an opportunity to test this hypothesis in a 22-year-old 
male driver who had sustained complete transsection of 
the cervical medulla with ensuing tetraplegia and res- 
piratory paralysis. In this patient, the neural pathways 
between higher centers in the hypothalamus and the 


. sympathetic thoracolumbar system had been torn apart 


giving the characteristic clinical picture of high sym- 
pathetic denervation: miosis, congestion of the nasal 
mucosa, and bronchial constriction. A glucose tolerance 
test made within 24 hours after the trauma revealed 
decreased glucose tolerance and suppressed insulin secre- 
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Fic. 2. Effect of injury to the upper pathways of the sympathetic . 
chain on intravenous glucose tolerance, insulin response and 
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level of C2/C3. Symbols as in Figure 1. 
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tion. Two days later the insulin response was above 
normal limits, whereas glucose tolerance was still greatly 
impaired (Fig. 2). The pattern of the glucose and insulin 
curves greatly resembles the pairs of curves obtained 4 
hours and 2 days after elective skeletal surgery, respec- 
tively (Fig. 1). Urinary adrenaline output on both 
the first and third posttraumatic days was 7 yg/24 
hours, which is within the normal range. The results 
indicate that intact sympathetic pathways to the splanch- 
nic area are not needed to produce the characteristic 
posttraumatic impairment in glucose tolerance and sup- 
pression of insulin. 

The influence of the anesthetic drugs calls for further 
investigation. Halothane, used in the present series, al- 
though regarded as a sympathetic system depressant, 
slightly increases blood glucose levels and impedes 
elimination of glucose from plasma.® 

Merin!* could not confirm that glucose tolerance was 
significantly altered by halothane anesthesia alone, but 
did find that the insulin response was diminished. How- 
ever, compared with the effects of surgical intervention, 
the changes provoked by this anesthetic are negligible. 

Infusion of 25 g glucose intravenously is said to con- 
sume only 0.2-1.0% of the pancreatic depots of insulin.” 
Thus, it appeared unlikely that three successive glucose 
tolerance tests on the same day would alter the response 
observed. For the sake of documentation, however, two 
volunteers were subjected to the test program of the 
operation day. No premedication or anesthesia was 
given and no operation was done, but routine dietary 
limitations were observed. In these two patients the 
results of all three glucose tolerance tests were alike and 
there was no suppression of insulin release. 

The hyperglycemia occurring after hemorrhage and 
after tissue injury is presumably a purposeful metabolic 
alarm reaction tending to maintain an adequate supply 
of fuel to the brain and peripheral nerves during stress 


conditions. The defense mechanism reflected by the post- . 


traumatic hyperglycemia is not fully understood and 
needs further analysis. Recently, in a carefully made 
study, McNamara and associates’ demonstrated the 
beneficial effect of intravenous administration of 50% 
glucose in the initial stage of resuscitation of severely 
wounded combat casualties. The late effects of the hyper- 
glycemia and the observed subsequent high release of 
insulin may turn out to be the anabolic phase starting 
in the early postoperative period and heralded by in- 
- creased excretion of anabolic hormones such as insulin 
and growth hormone. 
From a clinical point of view, the ability of patients 
., to utilize glucose during and after surgical procedures 
and the optimal blood glucose levels to be striven for 
are still unknown. Therefore the amount of glucose to 
‘be administered routinely, with or without addition of 
. insulin, to trauma victims and patients undergoing elec- 
tive surgery needs to be elucidated further. 
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Lymphocyte Tissue Culture Studies on Human 


Heart Transplant Recipients: 


l. Screening Recipients for Serum Factors Which 


Inhibit the Mixed Lymphocyte Reaction 


ALAN S. COULSON, M.A., M.B., B. CHIR., Ph.D.,* 


FRAN MacMILLAN, B.A., M.T., A.S.C.P., RANDALL B. GRIEPP, M.D., 


The sera of 20 random human heart transplant recipients, 
drawn before the administration of immunosuppressive 
medications, were screened for the presence of factors that 
might nfhibit the mixed lymphocyte reaction. The donors for 
the lymphocyte cultures were unrelated both to one another 
and to the heart donor and recipient. Inhibition was defined 
as a reduction of the number of transformed cells produced 
in vitro to less than one-third of that produced in autologous 
Serum. It appears that patients who have had previous heart 
surgery on bypass fare better with heart transplants than 
those who have not had surgery. This may indicate some 
change in the overall physiology of the former class of 
patients resulting in better acceptance of the transplant. In 
turn, this could be due to the development of a serum factor 
or an impairment in the patients’ cellular immune systems. 
In the series of recipients studied, the majority possessed 
serum inhibitory factors possibly non-specific by-products of 
their heart failure. The precise nature of these factors has 
yet to be determined. Future research is planned to de- 
termine whether bypass surgery is responsible for the stimu- 
lation of new immuno-depressive factors or if in some way 
it boosts the titer of pre-existing factors. 


6% T HE IMPORTANCE OF HUMORAL FACTORS in determin- 

ing graft rejection or acceptance has become in- 
creasingly evident in recent years. With this development 
has come an increased need for in vitro methods that will 


Submitted for-publication June 20, 1973. 

Supported by USPHS grant HL 13108. 

? Laura di Saliceto Studentship from University of London. 

Reprint requests: Dr. Alan S. Coulson, Department of Surgery, 
Stanford University Medical Center, Stanford, California 94305. 


pem 


EDWARD B. STINSON, M.D., EUGENE DONG, JR., M. D., 
NORMAN E. SHUMWAY, M.D., Ph.D. 


From the Division of Cardiovascular Surgery, 
Department of Surgery, Stanford Medical Center, 
Stanford, California 94305 


permit accurate definition of the roles of humoral and cel- 
lular factors in transplantation reactions.”!1 Now in a wide 
variety of medical conditions the patient's serum has been 
found to depress lymphocyte responsiveness in vitro. The 
range of conditions has been reviewed by Hsu and 
Leevy!* and by Coulson and Inman;? it includes for ex- 
ample, multiple sclerosis, syphilis, ataxia telangiectasia, 
viral hepatitis, regional enteritis, carcinoma, tuberculosis, 
and idiopathic steatorrhoea. The possible contributory 
role of such immunodepressive factors to oncogenesis 
has been mentioned.!5 The further possibility that serum 
immunodepressive factors may exist in severe heart fail- 
ure and be stimulated by operations involving cardio- 
pulmonary bypass, and that these may contribute to pro- 
longation of transplant survival, led to the retrospective 
screening of the pretransplant sera of cardiac allograft 
recipients. 

As a model system to assay for the presence of immuno- 
depressive factors a two way mixed lymphocyte culture , 
from unrelated donors was employed. To this was added 
various concentrations of either autologous serum or car- 
diac recipient serum. Inhibition of the mixed lymphocyte 
reaction was quantitated morphologically in terms of re- 
duced production of transformed cells. In these initial 
experiments no attempt was made to fractionate the sera, 
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to determine more accurately in what category the fac- 
tors might lie. 


Materials and Methods 


Lymphocyte Separation and Culture 


Lymphocytes were separated from the blood of normal 
donors using a gelatine-carbonyl iron technique similar 
to the one described by Coulson, Gurner and Coombs.? 
The blood was defibrinated, mixed with one-third of its 
volume of freshly prepared 3% gelatine and 100 mg car- 
bonyl iron and rotated for 30 minutes at 37 C. The mix- 
ture was then allowed to sediment for 30 minutes at 37 C, 
following which the supernatant lymphocyte suspension 
was centrifuged and resuspended in the appropriate dilu- 
tion of serum in 199 medium. 

The lymphocytes were cultured in 12 X 75 mm round 
bottomed plastic tissue culture tubes (Falcon) in 1 cc 


volumes at a cell concentration of 800 viable small lym-. 


phocytes per cu. mm. Since the cultures were stationary 
the cells soon settled to a pellet at the bottom of the tube. 
The depth of the culture medium was 1.7 cm. Incubation 
was for 90 hours in a moist CO; incubator at 37 C. 


Sera 


Sera used in the experiment were either those of the 
lymphocyte donors themselves, or from heart transplant 
recipients. The latter sera had been drawn preoperatively, 
prior to the administration of any immunosuppressive 
agents, and stored at —40 C; they were resterilized prior 
to use in tissue culture by membrane filtration. 


Assay 


When added to the mixed lymphocyte cultures, a given 
serum was diluted to three different concentrations to 
give a final concentration of 5%, 10% or 20% in 199 medium 
without any antibiotics. It was also added to two sets of 
control cultures consisting of the lymphocyte donors’ 
cells by themselves. All cultures were set up in duplicate. 
Three different pairs of normal donors were used: F.M./ 
M.P.; R.M./R.H.; and L.M./M Z. 

At the end of the 90-hour culture period aliquots of the 
culture were taken to determine total and differential 
counts and to assess viability by Trypan Blue exclusion. 
Making slides for differential counting was greatly facili- 
tated by the use of the Sakura Cyto centrifuge (Auto 
smear Model F 12, Canalco Rockville, Md.). Use of this 


. machine resulted in a random distribution of the trans- 


formed cells on the slide and obviated the tendency of 
the larger cells to concentrate at the edge of the smear.’ 

Multiplying total and differential transformed cell 
counts and viability yielded the absolute number of trans- 
formed cells produced in each culture per 1,000 of the 
- original small lymphocyte inoculum. This figure is de- 
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fined as the index of response.’ Subtraction of the mean 
of the background indices of response in the control cul- 
tures from the mixed cell index yields the corrected index 
of response.* This is a measure of the lymphocyte stimu- 
lation in the mixed culture due to the intercellular in- 


compatibility. 


Results 


Autologous Serum 


Autologous serum supported the growth of the control 
and mixed lymphocyte cultures in an unremarkable fash- 
ion (Table 1). FM’s serum provided optimal support for 
the mixed lymphocyte response when used at a concen- 
tration of 10% (corrected index 135.5), at 5% a much re- 
duced response was obtained; MP, another of the normal 
donors, similarly appeared to be optimal at 10% (cor- 
rected index 168.3) and fell off sharply at 202. RM's 
serum showed increasing support as the concentration- 
was increased from 5 to 20% (corrected index 181.8). IM 
was optimal at 10% although the incompatibility between 
her and MZ was relatively low with a corrected index of 
response of 32.8. 


Transplant Recipient Sera 


The effect of the various recipients' sera on the control 
and mixed lymphocyte cultures is detailed in Table 1; 
with the exception of S.K., S.S. and W.A., most of the 
sera inhibited the mixed lymphooyte reaction at all three 
concentrations. Inhibition was empirically defined as a 
reduction in the corrected index to less than one third pf 
the maximal corrected index with autologous serum. One 
borderline result, R.C. was designated partial inhibition. 

Examination of the viability and total counts of the 
mixed cultures showed that the inhibitory effect of the 
sera was not due to any direct cytotoxic effect. In addi- 
tion the morphology of the transformed cells grown in 
the recipients sera was unremarkable in the Wright's 
stained preparations. The ability to run these direct 
checks on the cultures was one of the reasons why mor- 
phological quantitation was employed rather than thymi- 
dine incorporation in these experiments. 


Clinical Data 


Three features in the patient's clinical course were 
studied in relation to the serum factors. Firstly, the na- 
ture of the original cardiac disease; secondly, whether or 
not previous open heart surgery had been performed 
necessitating large infusions of foreign leucocytes; and 
thirdly, the course after transplantation. Details of the 
transplantation technique and features noted in monitor- 
ing rejection have already been documented??? In 
Table 2 are recorded the patient's survival time, the pre- 
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TABLE 1. Results of Control and Mixed Lymphocyte Cultures of Normal Lymphocytes in Autologous or Transplant Recipient Sera. Three. 
Different Donor Pairs were employed: F.M. & M.P., R.M. & RH., I.M. & M.Z. and the Table is Divided Accordingly. In the Case of the 


Control Cultures the Indices of Resbonse are Shown; in the Mixed Cultures the Indices end Corrected Indices are Shown 


Mixed Lymphocyte Cultures with F.M. and M. P, 


Control Cultures 
F.M. Cells Alone 
Indices of Response 


* Source of serum and Concentration of serum 


Control Culture 
M.P. Cells Alone 
Indices of Response 


Concentration of serum 


Mixed Lymphocyte Culture F.M. and M.P. 
Indices of Response 


Concentration of serum 


Corrected Indices 


patient number 5% 10% 20% 5% 10% 20% 5% 10% 20% 5% 10% 20% 
F.M.* 12.4 13.9 7.1 14.2 15.0 25.0 32.2 150.0 85.0 19.9 135.5 68.9 
MP. 1.7 21.6 17:3 35.4 22.8 36.6 137.0 190.5 47.5 118.5 168.3 15.6 
11. D.A. 0.0 0.0 0.4 . 0.0 2 0.8 0.7 0.0 0.9 0.7 0.0 0.3 
H. B.J. 4.0 1.7 1.8 0.8 4.6 2.1 6.2 3.9 5.2 3.8 0.8 3.4 
25. CT. 13:5 5.0 2.3 5.5 8.5 10.9 33.8 30.5 26.5 24.3 23.5 19.9 
26. R.C. 1.4 0.0 1.6 2.4 10.5 8.6 10.6 49.1 51.0 8.7 43.8 45.9 
27. A.R. 0.0 0.0 0.5 0.0 4.3 3.4 0.0 8.9 12.2 0.0 6.7 10.2 
28. LK. 2.6 1.2 2.0 0.6 36.6 15.2 0.0 12.7 18.6 0.0 0.0 10.0 
39. E.L; 0.0 1.4 1.9 5.6 11.2 4.4 30.2 25.6 40.1 27.9 18.8 36.9 
32. P.B. 2.6 3.0 0.0 10.5 6.4 6.0 20.0 31.9 30.9 13.4 27.2 27.9 
35. W.A. 3.9 5.5 0.9 9.0 10.5 2.2 18.9 45.1 55.9 12.4 34.4 54.3 
36. R.M. 1.0 0.0 1.9 0.0 7.8 2.5 14.8 42.0 30.0 14.3 38.0 27.8 
33. R.P. 0.0 0.0 0.0 0.0 1.7 0.0 1.2 0.8 0.8 1.2 0.0 0.8 
40, E.G. 4.7 1.8 4.2 12.0 i21 14.4 19.8 37.2 47.9 11.4 30.2 38.6 
43. J.R. 4.4 0.8 8.3 D 2.4 4.7 7.4 10.7 34.3 3.0 9.1 27.8 
44. H.D. 0.0 0.2 0.0 0.0 0.0 0.0 1.0 0.0 1.6 1.0 0.0 129 
45. S.K. 0.0 0.0 0.4 8.5 13.1 15.4 104.5 115.2 122.0 100.2 108.6 114.0 
Mixed Lymphocyte Cultures with R.M. and R.H 
Control Cultures Control Cultures 
R.M. Cells Alone R.H. Cells Alone Mixed Lymphocyte Cultures R.M. and R.H. 
Indices of Response Indices of Response Indices of Response Corrected Indices 
R.M.* 0.8 1.6 2.2 0.8 3.2 2.9 48.4 62.0 184.4 47.6 59.6 181.8 
29. H.K. 1.9 2.7 0.0 3.8 0.7 1.2 7.2 9.9 12.7 4,4 8.2 12.1 
33. D.W. 11.1 0.0 3.8 3.1 1.9 10.8 7.6 23.5 23.0 0.5 22.5 15.7 
34, ALL. 0.9 1.5 1.6 1.0 1.7 0.0 34.1 47.1 45.6 33.1 45.9 44.8 
38. P.O. 3.1 4.1 3.3 1.0 11.0 5.4 50.9 14.8 31.0 48.9 7.7 27.6 
Mixed Lymphocyte Cultures with I.M. and M.Z. 
* Control Cultures Control Cultures 
I.M. Cells Alone M.Z. Cells Alone Mixed Lymphocyte Culture I.M. and M.Z. 
Indices of Response Indices of Response Indices of Response Corrected Indices 
I.M.* 1.9 9.3 10.6 1.9 0.0 0.8 22.0 37.4 27.0 20.1 32.8 21.3 
49, 5.5. 8.3 0.0 2.0 1.3 2.5 0.7 31.0 38.7 37.3 26.2 37.4 36.0 


* Autologous serum. 


dominant cause of death and the tissue culture result. 
Seven of eight who had cardiac surgery prior to their 
transplant are currently doing well The same seven 
showed inhibition (partial in one case, R.C.) in tissue 
culture. The one patient in this group of eight (W.A.) 
who did not inhibit in tissue culture expired from an 
infective episode at 322 days. Of the 12 who did not have 
prior surgery, two did not possess serum inhibitory fac- 
ters and they expired at 25 and 63 days with cellular re- 
jection. A further three died at 10, 50, and 51 days with 
amtibody mediated rejection. Of the remaining seven, 
five died with infection, lymphoma or chronic recurrent 
rejection! and two are still doing well. 

In Table 2 are recorded also the number of days to 
the first episode of rejection; the frequency of rejection 


— 


(the number of rejection episodes in the first 60 days 
divided by 60 or by however many days the patient sur- 
vived if this is less than 60); and the rejection score. This 
last piece of data takes into account the severity of the 
rejection episodes in the same 60 day period. It is calcu- 
lated by multiplying mild rejection episodes by one, 
moderate by two, severe by three, totalling these figures 
then dividing by 60 or by however many days the patient 
survived if less than 60. From the table it is apparent 
that there was no clear relationship between the timing 
of the first rejection episode and tbe rejection frequency, 
and the inhibition in tissue culture. But all the patients 
with a high rejection score (0.15 or greater) fell into 
either the category of antibody mediated rejection or 
were among those lacking tissue culture inhibitory factor. 


Mos 
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TABLE 2. Summary of Clinical Data and Tissue Culture Results 
Rejection Data 
Survival First Episode 
Tissue Days Months Predominant Number of Rejection: 
Heart Prior Culture Until Still Factor Causing of HLA Days after Rejection Rejection 
Patient and No. Disease Surgery Result Death Alive* Death Mismatches Transplant Frequency Score 
14. D.A. CAD no inhib 10 accelerated 3 4 0.10 0.300 
antibody - 
mediated 
rejection 
iT; B.J. CM no inhib 840 chronic 4 9 0.05 0.033 
rejection 
25. C. CAD yes inhib 31 4 13 0.05 0.100 
26. R.C. CAD yes pti. inhib 23 2 10 0.033 0.033 
27. A.R. CAD no inhib 44 infection 1 23 0.022 0.068 
of CVA 
28. LK. RHD yes inhib 25 2 24 0.033 0.033 
29. H.K CAD no inhib 51 antibody 3 7 0.059 0.176 
m mediated 
rejection 
30. F.L CAD yes inhib 2 4 7 0.017 0.033 
32. P.B. CAD yes inhib 21 n.d. 29 0.017 0.033 
33. D.W. CAD no inhib 147 infection n.d. 16 0.017 0.033 
34. A.L. CAD no inhib 5i infection 2 12 0.059 0.137 
35. W.A. CAD yes no inhib 322 infection 2 33 0.017 0.033 
36. R.M. CAD no inhib 15 4 38 0.017 0.033 
37. R.P. CM no inhib 50 antibody 3 6 0.089 0.220 
mediated 
rejection 
38. P.O. CM yes inhib 14 2 25 0.017 0.033 
40. E.G. CAD yes inhib 11 1 38 0.017 0.017 
43. J.R. CM no inhib 228 lymphoma 3 46 0.017 0.017 
44. H.D. CM no inhib 8 2 17 0.050 0.067 
45. S.K. CAD no no inhib 25 rejection 2 2 0.080 *0. 200 
49, S.S. CAD no no inhib 63 rejection 3 10 0.083 0.183 
CAD = Coronary artery disease; CM = Cardiomyopathy. 
RHD = Rheumatic heart disease. 
inhib = Inhibition; ptl. inhib = partial inhibition. 
n.d. = Not determined. i 


* As of February 1, 1973. 


* 


One patient lacking inhibitory factor (W.A.) had a 
long survival time (322 day) with a low rejection fre- 
quency and a low rejection score. Patient R.C. who had 
only partial inhibition in culture also had a relatively low 
rejection frequency and score. 

With regard to the original heart disease those that 
failed to inhibit were three out of 14 patients with coro- 
nary artery disease. None of the five with cardiomyopathy 
failed to enhibit, nor the one with rheumatic heart disease. 


Discussion 


The mechanism of cellular interaction underlying the 
mixed lymphocyte reaction is still in the process of being 
clarified. Currently, it is envisaged that membrane histo- 
compatibility antigens on one set of lymphocytes are 


recognized as foreign when they are encountered by the . 


recognition sites of the other small lymphocytes (Fig. 
1A). Further, that as a result of this recognition process 
a stimulus is transmitted within the lymphocyte from the 
‘membrane to the nucleus,? and that morphological trans- 


formation ensues. In addition, lymphokines including 
blastogenic factor, are secreted soon after activation!? re- 
sulting in other small lymphocytes being recruited into 
the transformed cell compartment. 

There is a wide range of medical conditions which are 
accompanied by the production of serum factors which 
inhibit or depress lymphocyte responsiveness ín vitro. 
The nature of the serum factors causing inhibition of the 
lymphocytes is still not established; they may be hor- 
monal, free or protein bound steroid, alpha globulin, spe- 
cific blocking gamma globulin, or general toxic factors 
resulting from renal or hepatic dysfunction (secondary 
to the congestive heart failure in the heart transplant 
recipient patients). Thus, when heart transplant recipient 
serum is added to the mixed lymphocyte cultures there 
are many mechanisms by which it may exert an inhibi- 
tory effect (Fig. 1B). Firstly, the inhibitory factor may 
kill the small lymphocytes outright before they can par- 
ticipate in the mixed lymphocyte reaction. Secondly, they 
may intervene between the membrane antigens and the 
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recognition site. This effect might be achieved by direct 
attachment to the histocompatibility antigen such as by 
an antibody molecule, or by attachment in the vicinity of 
the antigen with subsequent steric hindrance preventing 
approximation of recognition site and antigens. Thirdly, 
they may have an effect within the small lymphocyte 
causing some manner of block to the intracellular stimu. 
lation pathway; such a role has been suggested? for the 
serum a globulin of Cooperband® which appears to be 
important in regulating? lymphocyte function. Fourthly, 
inhibitory factors might act by inhibiting the release or 
the effectiveness of blastogenic factor. 

The first possibility can be dismissed, as in our experi- 
ments direct examination of the participating lymphocyte 
populations showed that there were no notable differ- 
ences in overall viability in cultures using control or ex- 
perimental sera. The intervention of serum factors be- 
tween antigen and recognition site is currently receiving 
a lot of attention. In the case of tumor-lymphocyte inter- 
action, the evidence of Hellstrom and Hellstrom!* sug- 
gests that 7s immunoglobulins attached to target cell 
antigens block the effectiveness of "killer" lymphocytes. 
It might be conjectured that this effect results from the 
prevention of the union of recognition sites on the killer 
lymphocytes, with the respective antigens. The principle 
of this blocking effect with its consequent enhancement 
of tumor growth has been applied to transplantation sys- 
tems. Thus, Gordon et al." showed that alloantiserum of 
proved efficacy in prolonging heart allografts in AgB in- 
compatible rats, inhibited the mixed lymphocyte reaction, 
and further that the latter could be used as an assay for 
the enhancing antiserum. Others have described similar 
but less specific effects.?:13.16 

Indications from the work of Gordon et al.!! were that 
an "interaction" between stimulator cells and alloanti- 
serum: with possibly a "coating" of the specific histocom- 
patibility antigens, contributed to the inhibition of the 
mixed lymphocyte reaction. If this concept is true, then 
it would appear that antibody molecules successfully pre- 
vented the initial contact between stimulating antigenic 
determinants and the recognition sites on the afferent 
side of the cellular immune arc. To this extent this is a 
similar phenomenon to the blocking effect postulated for 
the efferent side, where masking of the antigens on the 
target cells prevents their cytotoxic union with killer cell 
recognition sites. | | 

In the study reported in this paper it is apparent that 
the*majority of patients receiving heart transplants had 
apparent serum immunodepressive factors in their serum, 
but the recipients could be divided into two classes; those 
that had prior bypass surgery and those that had not had 
such surgery. Those that had experienced prior surgery 
generally fared better than those who had not. Many 
things could have occurred to the patient's overall phys- 
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iology as a result of surgery to change his response to a 
subsequent transplant. To suggest that a modification in 
their immune system may have occurred as a component 
of such a change, is not to underestimate the possible 
complexity of the effect of surgery. One possibility is that 
the changed immunity may be mediated via a serum im- 
munodepressive factor. For example, those patients who 
received infusions of pump blood may have become 
broadly sensitized to the leucocyte antigens and may 
have developed blocking or enhancing alloantibodies in 
their pretransplant sera. As shown in Table 2, seven of 
eight patients who had prior open heart surgery did have 
immunodepressive factors. This is not to say that specific 
alloantibodies were formed as a result of pump blood 
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Fic. 1. Stylized representation of mixed lymphocyte reaction and 
possible sites of its inhibition. Fig. LA shows histocompatibility , 
antigen on membrane of stimulator lymphocyte approaching rec- 

ognition site and initiating intracellular stimulation pathway. 

Fig. 1B shows possible sites of inhibition: (a) attachment of 

antibody to histocompatibility antigen prevents its union with 

recognition site; (b) attachment of antibody in vicinity of histo- 

compatibility antigen prevents approximation of recognition site 

and antigen; (c) serum factor inhibits stimulation pathway; (d) 

serum factor inhibits release of blastogenic factor or inhibits its , 
effectiveness. 
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infusions which weré effective during the transplant 
phase, because the assay employed in these experiments 
was with mixed lymphocytes from unrelated donors who 
were also antigenically unrelated to the donor heart and 
to the recipient. Nor can we be certain as to the nature 
of the factors or in what serum fraction they may lie. 
Further work is required to determine whether or not the 
immuno-depressive factor is a globulin, and whether or 
not bypass surgery stimulates a quantitative increase in 
the postoperative titer or the production de novo of a 


. new factor. In any event it is a valid concept that serum 


factors capable of depressing reactivity in vitro, may con- 
tribute to the inhibition of the host lymphocytes' responsi- 
veness to the cardiac allograft in vivo and thereby pro- 
long survival. From a clinical viewpoint there appeared 
to be a correlation in this group between the presence of 
serum immuno-depressive factors and transplant survival. 
Seven of the eight who possessed the factor continued to 
do well and had prolonged survival, whereas the one 
who did not have the factor expired at 322 days with 
infection. On the other hand, some parameters of clinical 
rejection did not correlate so well; the patient who ex- 
pired had a low rejection score, whereas three out of the 
seven who had immuno-depressive factors had high re- 
jection scores. 

Inhibitory factors were also found in ten out of 12 
patients that had not undergone prior surgery. So that 
taken overall, the majority of patients receiving trans- 
plants had serum immuno-depressive factors. It may 
well be that in the unoperated patients factors have de- 
veloped as a feature of their terminal heart failure, just 
as in a wide range of other medical conditions serum 
factors have been discovered which in vitro cause de- 
pression of lymphocyte responsiveness. Future studies 
should determine whether or not there are any differ- 
ences between immunodepressive factors found in pa- 
tients with terminal heart failure, and those arising after 
bypass surgery. Certainly, two of the 12 who did not 
possess serum inhibitory factors expired with predomi- 
nantly cellular rejection (at 25 and 63 days). It is tempt- 
ing to surmise that the presence of inhibitory factors in 
the other patients contributed to the prevention of this 
type of rejection. On the other hand antibody mediated 
rejection progressed relentlessly despite the presence of 
immuno-depressive factors and three of the 12 expired 
with this form of rejection at 10, 50 and 51 days. This 


_ type of rejection is notoriously difficult to control with 


any of the current immunosuppressive agents which are 
effective on cellular mediated rejection. Five of the re- 
maining seven expired with infection, lymphoma or 
chronic recurrent rejection. 

The clear difference in survival, seven of the eight 


, compared to two of 12 provides a strong indication that 
cardiac surgery has an effect on the patient's physiology 
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which makes him a more successful recipient. Whether 
this effect is the result of a change in the functioning 
of the patient’s lymphocytes or other component of his 
cellular immune system, or whether it is the result of a 
change in his serum, has yet to be clearly established. 
Certainly the only unsuccessful transplant in the post- 
operative group was the patient who lacked immunode- 
pressive factors. In the unoperated group, lack of fac- 
tors in two patients was related to cellular rejection. 

Consideration must also be given to the effect af 
digoxin and other medications on the lymphocyte respon- 
siveness, as it is known that particularly after digitaliza- 
tion the response to both phytohemagglutimin and fcr- 
eign leucocytes is depressed. However, it is unlikely 
that the small amounts of digoxin in the serum employed, 
particularly after dilution, could have accounted for the 
depression of the mixed lymphocyte response. If the in- 
hibition had been related to the serum concentration 
of medication the corrected indices of response would 
have been expected to show a progressive decrease as 
the concentration of serum in the tissue culture medium 
was increased; this effect was not seen. It must be 
stressed in addition, that the sera employed in this study 
were drawn prior to the administration of immunosup- 
pressive agents. l 

From the clinical immunological viewpoint, the moni- 
toring of patients’ rejection frequency and rejection score 
showed that the best correlation of inhibitory factors 
was with rejection score, in which rejection episodes are 
weighted depending on their severity. Patients with 
scores of 0.15 or greater fell either into the category of 
antibody mediated rejection, or were among those lack- 
ing inhibitory factors in tissue culture and suffered cellu- 
lar rejection. 
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to use a snyder hemovac- fnere are others 


Vi 


infection is one imoortant reason 


You know how important it is to 
minimize the chances of post-operative 
infection. So it's only natural to follow the 
most meticulous aseptic practices. 

Many surgeons include the routine 
use of the Snyder Hemovac. It's proven 
effective in reducing the incidence of 
post-operative infection. It was the first 
practical portable, disposable closed 
wound suction system. And it's still the 
first choice of most surgeons. 


hemovac* removes a major source 
of infection 
When you close a surgical wound, 
excess serosanguineous fluid begins to 
collect, becoming virtually 
isolated from the 
antibiotic action of your 
patient's vascular system. 
This isolated serum is a 
viable medium 
for bacteria 
growth. 
The gentle, 
negative 
pressure of 
the Hemovac helps 
diminish the possibility 
of infection by 
drawing the fluids 
away from the 
underlying tissue, reducing the chances 
of sepsis. This encourages primary 
approximation of tissue and early 
revascularization. 
And because the Hemovac 
is portable, early ambulation 
is possible. 









think of the hemovac 
as a total system 

Only the Snyder 
Hemovac gives you a wide £ 





range 
of alternatives 
to meet your 
specific 
requirements 
and your 
patient's needs. 
It's available 
in 200cc, 400cc and 
800cc capacities, with 342", 6", 34e", V4" 
O.D. crystal clear medical grade wound 
tubing that's highly clog and collapse 
resistant. The precisely spaced and 
perforated openings minimize fibrin 
entrapment and clotting. 
We haven't overlooked any detail. 
We made the %46” size tubing 
especially pliable for use in procedures 
where you want a more flexible tubing. 





And we even redesigned the drain 
opening to make it easier to completely 
evacuate the unit. 

So before infection becomes a 
problem, make Hemovac part of the 
prevention. 
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Surgical nutrition—a case history: | 
giant esophageal diverticulum; surgical treatment followed 


by esophagocutaneous fistula 


Management of medical-surgical problems frequently 
requires a multifaceted approach—each facet contribu- 
ting to the patient's outcome. The following case history 
demonstrates the allied roles of surgical management 
and sound nutritional support. 


The patient: A 72-year-old man with a history of severe 
dysphagia was admitted to the hospital because his com- 
plaint had become markedly worse in the past few 
months. He could hardly swallow and regurgitated a 


considerable portion of what he did manage to eat. | 


Thin almost to the point of emaciation, he was 68 
inches tall and weighed 126 pounds. The patient was 
well below his desirable weight. 

X-ray studies showed a massive cricopharyngeal di- 
verticulum, extending down to the level of the aortic 
arch. No other abnormal conditions were found. 


Surgical treatment: At operation the opening at the 
back of the esophagus was found to be about 2 inches 
in diameter. Extremely dense adhesions surrounded the 
diverticulum, and resection was accomplished only with 
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considerable difficulty. The excised tissue showed evi- 
dence of chronic inflammation, but no tumor was seen. 
A Levin tube was threaded through the esophagus under 
direct vision, and a Penrose drain was placed in the 
incision. The patient withstood the procedure very well. 


Postsurgical course: For 3 days following the surgery, 
the wound seemed to heal normally; the patient was 
swallowing well, and his condition improved daily. 
However, when the Penrose drain was removed, an in- 
flamed fistulous tract was discovered in the wound. An 
antibiotic and streptokinase-streptodornase were ad- 
ministered. Drainage from this opening continued for 
about 10 days. 


Nutritional management: Inability to eat had caused 
deterioration of the patient's nutritional status as evi- 
denced by gross weight loss. To provide for an optimal 
nutritional condition to meet increased postsurgical 
metabolic needs, Vivonex High Nitrogen was used and 
clear liquids were given as desired. Postoperatively, the 
patient experienced no weight loss. His nutritional 
status was greatly improved. 


Outcome: Surgical results were good as demonstrated 
through regained normal function of the esophagus. 
With the aid of drug therapy, the postsurgical fistula 
closed spontaneously. When discharged the patient was 
in excellent condition, nutritionally stable, able to take 
a full diet and rapidly regaining weight. 
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Nutrition to meet a challenge 


Vivonex High Nitrogen and Vivonex Standard pro- 
vide balanced elemental nutrition with no indigestible 
matter. 


Both consist entirely of the essential nutrients: pure 
amino acids, simple carbohydrates, vitamins, minerals 
and a small amount of essential fat...all rapidly and 
completely absorbed in the upper small intestine. 


Both are free of whole protein, peptides and pep- 
tones... free of milk and milk by-products. 


Vivonex High Nitrogen...the first oral hyper- 
alimentation. It helps restore positive nitrogen bal- 
ance; helps prevent protein wastage. 


Vivonex Standard 15 supplied in boxes containing six 80-gram 
packets providing 1800 Calories, 5.88 grams of useable nitro- 
gen (equivalent to 36.75 grams of useable protein) and a full 
day’s balanced nutrition. It 7s now available unflavored (may 
be flavored to each patient’s taste; ideal for tube feeding), and 
in the six original palatable flavors: Orange, Vanilla, Grape, 
Chocolate, Strawberry, Beef Broth. 


Vivonex High Nitrogen is supplied in boxes contaiging ten 
80-gram packets of unflavored water-soluble powder providing 
3000 Calories, 20 grams of useable nitrogen (equivalent to 
125 grams of useable protein) and a full day’s balanced nu- 
trition, including the Recommended Daily Allowances of 
vitamins and minerals. 










Standards for the new kind of nutrition 


Vivonex’ Standard 


the orzg72al chemically defined elemental 
standard food/soluble powder 


Vivonex High Nitro 


the original chemically defined elemental 
high nitrogen food/soluble powder 


TM ®Originators of chemically defined diets 
Eaton Laboratories 
division of Morton-Norwich Products, Inc. 
Norwich, New York 13815 





the low-back patient and his problems: 


DRIVERS BACKACHE 





Neck and shoulders rigid and tense 

Upper back strained forward 

Lower spine slumped 

Soft seat can’t support vertebrae and low-back muscles 
Left leg “frozen” in cramped position 

Right leg stretched to reach gas and brake pedals 





the solution: 





Push front seat forward to rex 
strain on back and shoulder 1 
Insert small cushion between 
back and rear of car seat. Bac 
can help relieve pain and fati 
Always wear seat belt and sh« 
harness. On long trips get ou 
and stretch every couple of h 
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the Robaxin Regimen: 


Complete bed rest on a very firm mattress is 
usually indicated in the home treatment 
of acute low-back discomfort. Have 
patient insert section of plywood 
14-34" thick between mattress 


and box springs. The use of 
moist heat is often very 
beneficial. 


To relieve the discomforts 


associated with acute musculo- 
skeletal disorders, Robaxin®-750 


is often indicated.” It is a well 


tolerated agent which can provide 
significant relief, usually without 


serious adverse reactions. 


750 mg. capsule- 
shaped tablets 
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Based on a review of this drug byn 
National Academy of Sciences — Nati 
Research Council and/or other infon 
FDA has classified the indications as { 

"Possibly" effective: Relief of disco: 
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disorders. 
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Contraindications: 
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Warnings: 
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and particu uring early pregnancy 
the judgment of the physician the poten 
outweigh the possible hazards. 


Adverse Reactions: 
Light-headedness, dizziness, drowsiness 
allergic manifestations such as urticaria, 
rash, conjunctivitis with nasal congestior 
vision, headache, fever. 

Dosage and Administration: 
NOTE: Because of limited clinical exper 
younger age group, Robaxin is not reco! 
for use in patients under 12 years of age 
in tetanus. 

Adults: 

Initial dosage, 2 tablets q.i.d. Maintenan: 
1 tablet q. 4h. or 2 tablets t.i.d. 


Six grams a day are recommended for t| 
48 to 72 hours of treatment. (For severe 
8 grams a day may be administered.) TF 
dosage can usually be reduced to appro 
4 grams a day. 


Also Available: 
ROBAXIN © (methocarbamol) 5 


See package insert for full prescribing in 
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Ascorbic acid (C) 
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'' With propylene glycol 30% as stabilizer and preservative 
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1.6%; in Concentrate as riboflavin-5-phosphate. 


*Oil-soluble vitamins A, D and E water solubilized wit 
sorethytan laurate; covered by U.S. Patent No. 2,417,299. 


BRIEF SUMMARY 


INDICATIONS: in emergency feedings—Surgery, exten 
sive burns, fractures and other trauma, severe infectious 
diseases, comatose states, etc. may provoke a “stress” sit 
uation with profound alterations in the body's metabolic 
demands and consequent tissue depletion of nutrients. As 4 
result, wound healing may be impaired, enzyme activity dis 
turbed, hematopoietic tissues affected; hypoproteinemia 
and edema may appear; convalescence is thus prolonged. 
In such patients M.V.I. (administered in intravenous fluids 
under proper dilution) contributes optimum vitamin intake 
toward maintaining the body's normal resistance and repai 
processes. 

DIRECTIONS FOR USE: M:V.I. is ready for immediate use 
when added to intravenous infusion fluids. 

For intravenous feeding, one daily dose of 10 cc. of M.V.l. o 
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thiamine. 
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MV.. 


(Multi-Vitamin Infusion) 


short term or long term 


A more comprehensive parenteral 
vitamin formula because... 


M.V.I. includes not only the B complex* and C 
vitamins but also the fat-soluble vitamins A, 
D and E—water solubilized for faster, 
more complete absorption. 


n See opposite page for product DRF 
Brief Summary. 
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*M.V.1. formula Contains vitamins B,, Bo, 
niacinamide, dexpanthenol and B4. If needed, 
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Outstanding vascular surgeons from all sections of the country 
have pooled their composite experience and knowledge for this 
in-depth work. Each has written on a specific vascular complica- 
tion and gives you the benefit of his expertise in this area. ‘Three 
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tions where the causes are known and can be anticipated. 2) To 
provide you with a clear guide to the management of complica- 
tions. 3) To establish a foundation of information from which 
you can deal logically and effectively with problems not described. 


This work reaps the benefit of significant appraisals of the long- 
term follow-up studies that became possible during the last ten 
years. An analysis of the results obtained with various surgical 
approaches during that time has made it now possible and prac- 
tical to develop meaningful guidelines. 


The surgeon can refer to this authoritative, practical atlas-text 
with confidence. 
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Twelve Years’ Experience with Transhepatic Intubation 


The use of transhepatic drains constitutes an excellent safety 
procedure in the surgery of biliary stenosis, whether benign 
or tumoral. Many variations of the technique have been de- 
vised for application in a number of conditions, such as 
double, U, T, Y, transtumoral, and transanastomotic. The 
author presents his experience with 60 cases over the past 
12 years. 


HE USE OF TRANSHEPATIC INTUBATION has provided a 

worthwhile solution to nearly all of the difficult prob- 
lems which arise during surgery of the upper biliary tract. 
Its current widespread use?-*.7,8.10,12,13,19,38,38 warrants a 
more detailed description of the technique and the au- 
thor has undertaken this, while providing his own experi- 
ences since 196].7°-%° 


Method 


The main indication for transhepatic tubes, or trans- 
hepatic hepaticostomies, has been as splints for biliodi- 
gestive anastomosis,5.11.15.15.77.15 although they may also 
be used to record the calibre of tumoral stenoses.7:16-35 
The technique itself is presented here, emphasizing some 
of the relevant features which are designed to prevent 
complications. 


l. Hepatic Perforation. 

The hole in the liver surface should be made in an 
area far removed from the porta hepatis and suprahepatic 
veins to avoid injury to major vessels. Hemobilia will be 
provoked by this perforation but in every case, this ceases 
rapidly and is restrained by the tube itself. 


2. Fitting of the Tube to the Lead. 
This may be done in a number of ways, but the method 


| preferred by the author is tying the tube to the sound 


after perforation of the liver through the choledochos- 
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tomy. A notched olive tip should be used most frequently 
and the 5 mm polyethylene catheter is tied to the sound. 
This is gently retracted back through the tunnelled area, 
and is separated from the sound when the distal aspect 
is in position in the common duct. 

Other authors have used Bakes-type dilators!*?! or 
Randall clamps?? to which the tube is then fastened. 
3. Lateral Holes. ] 

Lateral perforations should be made in the intrahepatic 
portion of the catheter before it is brought through. If a 
Y or T-tube is preferred, this should be attached to a 
single tube and the single tube brought through first. The 
holes should be opened longitudinally to avoid weaken- 
ing. It is obviously important not to leave any holes out- 
side of the liver where bile might leak. There is a greater 
chance of leaks occurring on the right side than left, be- 
cause of the actual length of intra-abdominal space which 
the tube transverses. A peritoneal drain may be left in 
position to avoid problems, or the transhepatic tube may 
be inserted into a larger tube which may also be brought 
out to the shin, as described by Burlui? The tube is then 
anchored to the abdominal wall avoiding any inward slide 


of the tube. 


4. Post-op Management. 


The tubes remain open for the first 10 days. Then they 
are clamped intermittently. When the anastomosis has 
been ascertained not to leak by cholangiogram, it is 
clamped permanently. When the course is uneventful, 
the tube is removed two to eight months post-op. With 
unresectable cancer, of course, the tubes would stay in 
place indefinitely, or be changed when U-tubes are 
used.???? Examples of these techniques can be seen in 
Figs. 1-4. 
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Fic. la (left). Right 
Transhepatic Transtu- 
moral Catheter. Fic. lb 
(right). Postoperative 
Cholangiography of the 


same case. 





Results intrahepatic lithiasis. Of the 42 biliary cancers, only 12 
resected; 19 had supratumoral short-circuits and 11 were 

So far, this technique has been used in 42 biliary can- — calibre-recorded. 
cers, 18° postoperative strictures of the common bile There was only one death from hemorrhage, which 
duct, one case of sclerosing cholangitis and one case of occurred in a benign stenosis, and three right-subdia- 


Fic. 2a (left). Left Trans- 
hepatic T-tube splinting 
an hepatico-jejunostomy 
for benign stricture. The 
small branch of the tube 
is placed in right duct. 
Fic. 2b (right). Postop- 
erative cholangiography 
of the same case. 
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Fic. 3a (left). Double 
transanastomotic U-tubes 
splinting a double hepa- 
tico-jejunostomy, per- 
formed after resection of 
an hepatic tumor. Fic. 
3b (right). Postoperative 
cholangiography corre- 
sponding to the same pa- 
tient. 





TRANSHEPATIC INTUBATION 939 





S24 x -A- 


phragmatic abscesses which required drainage. The use gestive anastomoses, although leakage is frequently en- 
of transhepatic tubes has not resulted in one single case countered, and peritoneal drains should not be removed 
of diffuse biliary peritonitis in any one of the biliarv di- until leakage has stopped completely. . 


Fic. 4a (left). Double 
transhepatic transanasto- 
motic Y-tube in a pallia- 
tive hepaticojejunostomy 
for an irresectable lower 
common duct tumor. Fic. 
4b (right). Correspond- 
ing cholangiography. 
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Diagnosis by Selective Arteriography in Hemorrhage 


Resulting from Typhoid Fever 


C. SUCHATO, M.D., P. VONGVICHIEN, M.D., S. PHANCHET, M.D., 


Two cases of complicating hemorrhage resulting from typhoid 
fever which were demonstrated by selective superior mesen- 
teric arteriography are presented. The site of bleeding was 
at the caecum which is an uncommon site in typhoid hemor- 
rhage. In both cases there was failure to stop the bleeding 
by using a vasopressin infusion. However, arteriography 
proved very helpful in locating the site of bleeding and 
vasopressin infusion can still be recommended to decrease 
intraluminal hemorrhage and improve the general condition 
of the patient before undergoing operation. 


N GASTROINTESTINAL HEMORRHAGE it is difficult to diag- 
I nose the site of bleeding by conventional radio- 
graphic examinations. On some occasions, even surgeons 
when undertaking exploration are unable to find a cause 
of such bleeding, Many methods have been tried to seek 
the accurate site of hemorrhage, for instance fluorescein 
string test, radioactive isotope tests and endoscopic ex- 
amination. These techniques however have not been 
successful in many cases. Finally, surgeons decide to do 
either blind bowel resection or partial gastrectomy on 
observation of what they expect is the location of the 
bleeding site. Furthermore, in some cases there are mul- 
tiple lesions in the G.I. tract making it impossible to 
evaluate the site of bleeding. In all circumstances it will 
not be a successful treatment in cases of hematemesis 
or melena. Margulies et al.1! demonstrated the arterial 
bleeding from cecal A-V malformation by operative 
segmental mesenteric arteriography. However, this is 
technically difficult and thus has not become popular. 
Since then percutaneous selective arteriography has come 
into worldwide use and is applied to evaluate various 
diseases. Baum et al? could demonstrate the contrast 
media extravasation due to a bleeding rate as small as 
0.5 ml per minute by serial filming. It also seems likely 
that even smaller rates of bleeding could be detected 
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by means of direct serial magnification angiography 
using a fractional focal spot tube of 0.3 mm or less. 
Later on, many investigators have reported the site of 
bleeding by using selective arteriography.!*9.5-19.13 

This paper reports the site of hemorrhage determined 
by selective superior mesenteric arteriography in bleed- 
ing per rectum complicating typhoid fever cases. 


Method 


Using the percutaneous retrograde femoral Seldinger 
technique, the Cobra-head thin walled Kifa green cath- 
eter without side holes is placed in the selected superior 
mesenteric artery. Then 40 cc. of 76 per cent Renografin 
is injected into the superior mesenteric artery at a rate 
of 6 cc/sec using Contrac injector. Filming is done at 
the rate of 3 per second for 2 seconds, then 1 per second 
for 5 seconds and then 1 every 3 seconds for 12 seconds. 


Case Report 


Case 1. A 16-year-old Thai female had a chief complaint of 
fever for 3 weeks prior to admission. Seven days before admis- 
sion she developed abdominal cramping and diarrhea which 
was not relieved by symptomatic treatment. One day prior to 
admission she developed massive fresh bleeding per rectum. Past 
history was unremarkable. Physical examination showed: tempera- 
ture, 102°F; B.P., 100/60; pulse rate 132/min.; hemoglobin 
9 gm%, and a white blood cell count of 7000. There was general- 
ized tenderness with rebound in the lower abdomen; the bowel 
sound was diminished and rectal examination revealed fresh 
blood. Sigmoidoscopy showed a normal mucosal fold except for 
a blood clot retained in the sigmoid colon. The patient received 
500 cc. of whole blood during the occurrence of massive melena 
and the systolic blood pressure was maintained between 90-100 
mmHg. Because of uncontrollable gastrointestinal hemorrhage 
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Fic. 1. The arterial phase of the superior mesenteric arteriogram 
reveals extravasation of contrast media into the caecal lumen 
which is one of the terminal branches of the right ileocolie artery. 


when employing conservative treatment, an emergency superior 
mesenteric arteriography was performed to localize the site of 
bleeding (Figs. 1 and 2). The active hemorrhage was demon- 
strated at the caecum. 


Fic. 2. This reproduction of the 
portion of the right ileocolic 
artery reveals intraluminal ex- 
travasation of contrast media 
which is indicative of active ar- 
terial bleeding from one branch 
of the right ileocolic artery (see 
arrows). Intra-arterial infusion 
of vasopressin was attempted to 
stop the bleeding but the pa- 
tient became restless and went 
into a state of shock. She un- 
derwent abdominal exploration 
promptly and right half colec- 
tomy was performed. 
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Intraarterial vasopressin via the superior mesenteric artery was 
employed to attempt to stop bleeding. The vasopression infusion 
with a dose rate of 0.2 pressure unit/min/ml was applied for 
30 minutes. Repeat superior mesenteric arteriography was then 
performed under fluoroscopic examination and the extravasation 
of contrast media was still present. The patient became restless, 
went into a state of shock and then underwent abdominal explora- 
tion promptly. At laparotomy, the terminal ileum and entire 
colon was filled with blood. The site of bleeding could not have 
been determined if the arteriography had not been performed. 
Mesenteric lymph nodes were enlarged. The right half colectomy 
was performed. The gross specimen shows a small superficial 
ulcer at the ceacum with a small arterial tear with blood clot 
in the lumen (Fig. 3). 

The histologic section reveals the area of ulceration. The 
mucosa of the ascending colon is almost entirely destroyed and 
some of them are seen desquamated. The remainder show diffuse 
infiltration, a large number of mononuclear cells predominant 
with large macrophage monocytes that phagocytize, red blood 
cells and lymphocytes especially at the base of the ulcer. Plasma 
cells and a few polymorphs were occasionally found. At the 
terminal ileum, the mucosal overlying the lymphoid follicle is 
denuded at certain areas but the majority is seen intact, the villi 
are shortened and glandular components are diminished in 
number. The predominant cell of reaction is macrophage but 
lymphocyte and plasma cells are also found. The muscular layers 
are moderately infiltrated with the same type of cells and extend 
as far as the serosa, The mesenteric lymph node shows enlarge- 
ment but no evidence of fecal necrosis. Marked proliferation 
of the sinusoidal cells and sinusoid are seen filled with macro- 
phages that phagocytize red blood cells, lymphocytes, and more- 
over some may engulf a certain number of bacteria and nuclear 
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Fic. d 
with a small arterial tear with blood clot (see arrows). 
section revealed an ulcerative lesion at the caecum. 


Gross specimen shows a superficial ulcer at the caecum 
The 
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debris. Hemoculture and stool examination revealed Salmonella 
typhae type D and the Widal test titer was 1:300. Following 
resection of right half colectomy, the patient had an uneventful 
recovery and did well postoperatively. 

Case 2. A 19-year-old Thai male had a chief complaint of 
massive bleeding per rectum prior to admission. Two weeks 
before admission the patient developed fever and sore throat and 
was treated for pharyngitis but did not improve. Three days 
prior to admission abdominal pain, vomiting and diarrhea devel- 
oped. Physical examination: temperature, 37*C; pulse, 108/ 
min; R — 20/min; B.P. — 90/50 mm Hg.; and, Anemic, with 
no sign of bleeding tendency. The liver was palpated 1 F.B. 
from costal margin, but this was not tender. No sign of guard- 
ing or rigidity was noted. There was no tenderness on rectal 
examination but fresh blood was noted. The other systems were 
unremarkable. The patient passed fresh blood and his hematocrit 
dropped. A whole blood transfusion of 500 cc. was immediately 
given, during which the blood pressure was maintained within 
90/50 mmHg. After transfer to the Department of Radiology, 
emergency superior mesenteric arteriography localized and visual- 
ised the site of arterial bleeding at the ceacum (Figs. 4 and 5). 
Vasopressin infusion was applied at the same dose rate as pre- 
viously described on Case I and repeat superior mesenteric 
arteriography was also done after 30 minutes infusion. It shows 
decreased size of the superior mesenteric artery and its branches 
but the arterial bleeding site was uncontrollable. (Fig. 6). The 
patient underwent abdominal exploration surgery and a right 
half colectomy was performed. The gross specimen shows a small 
ulcer at the ceacum with an organized blood clot in situ (Fig. 7). 
The histological section is identical in appearance to that pre- 
viously described in Case 1. Hemoculture and stool culture 





Fic. 4. Superior mesenteric arteriogram reveals well opacified 
major branches with extravasation of contrast media noted from 
right ileocolic artery (see arrows). 
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Fic. 5. The venous phase reveals retaining of contras» media in 
the caecal lumen which is indicative of active arterial bleeding 
(see arrows). 


showed Salmonella typhae type D. The patient recovered very 
well postoperatively. à 


Discussion 


The most frequent serious complication from typhoid 
fever is hemorrhage.*!9!5 It occurs at the site of the 
terminal ileum, resulting from erosion of blood vessels 
in the ulcerated Peyers patches. This gross blood is 
present in 10-20% of all cases.” Kanter et al.* first demon- 
strated active arterial bleeding at the terminal ileum 
which was caused by typhoid fever. The other?! 
demonstration of active large bowel bleeding by arteri- 
ography has been confined to cases of A-V malforma- 
tion, diverticulosis, diverticulitis, granulomatous colitis 
and post right colectomy, Our cases have been proven 
to be hemorrhage resulting from typhoid fever. The 
site of bleeding is uncommonly from a small superficial 
ulcer at the ceacum instead of terminal ileal sites and 
both cases are identical. Under exploration, the small 
and large bowel are dilated and contain blood in the 
ileum and colon. There is no evidence of localized 
hypermia or ulceration at the serosal surface of the 
bowel. The surgeon could not identify the site of bleed- 
ing by any other means than by selective arteriography. 
Additionally, we attempted to control arterial bleeding 
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Fic. 6. Rgpeated superior mesenteric arteriograms after infusion 
vasopression 0.2 pressure unit/ml/min for 30 minutes reveals a 
moderate decrease in the size of the major branches. Decreased 
extravasation of contrast media at the caecum is also noted. The 


use of infusion vasopressin for 30 minutes could not completely 


stop the arterial bleeding in this case (see arrow ). 
. 


by infusion of vasopressin 0.2 pressure unit/ml /minute 
as recommended by Baum et al? Re-injection vas per- 
formed after infusion for 30 minutes and there was 
moderate vasoconstriction of all major branches of the 
superior mesenteric artery but with the extravasation 
decreased but still. present. Clinical symptoms were still 
present of the passage of fresh blood per rectum and 





Fic. 7. The gross specimen shows a small ulcer at the caecum 
with an organized blood clot at the edge of the ulcer (see arrows). 
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blood transfusions were continued all the time that 
blood pressure was unstable during vasopressin infusion. 
Both patients underwent operation. The finding was a 
small superficial ulcer with arterial bleeding at the 
ceacum an uncommon site for typhoid hemorrhage. In 
both patients, there was failure to control the bleeding 
by vasopressin infusion at a dose rate of 0.2 pressure 
unit/ml/minute for 30 minutes. This could be explained 
by the arterial tear maybe being larger in size than in 
other cases. However, the arterial bleeding could be 
decreased during infusion which perhaps could be ap- 
plied preoperatively to minimize blood transfusion, 
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Roche announces 

a significant contribution 
to the management 

and diagnosis of cancer 


CEA-ROCHE 


Coarcinoembr) MONIC Antigen ASSAY 
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In 1974 the estimated incidence of new internal cancer cases in the United 
56A States will reach approximately 655,000 persons. Moreover, within this } 
" year 355,000 Americans will die of malignancy, a large portion of which 
is potentially curable! Survival trends are inversely related to the extent 
of the disease — the less involvement, the better the chances of therapeutic 


success? 
This problem of detecting cancer has long absorbed researchers. Now, ten 3 
years after the basic investigations were begun, the blending of the 
sciences of immunology and radiochemistry has resulted in... 
Carcinoembryonic Antigen ASSAY 
A new zn virro test to aid in the 
management and diagnosis i 
of cancer 
the discovery of carcino- Diagrammatic representation of microscopie ą long-term commitment 
: Š section of fetal colon. CEA is present in 
embryonic antigen glycocalyx which faces lumen of colon. to cancer research 
The term carcinoembryonic antigen Roche has long had a serious com- 
(CEA) was first used in 1965 by mitment to cancer research which 
Gold and Freedman of the Montreal has resulted in the development of 
General Hospital to describe a glyco- such important chemotherapeutic 
protein which is a constituent of the agents as Fluorouracil (5-fluoro- 
glycocalyx of embryonic entodermal uracil), FUDR (floxuridine), 
epithelium; it is also present in Efudex*(fluorouracil) and » 


extracts of carcinoma cells? 6 

The embryonic gene responsible 
for CEA synthesis is expressed by 
many carcinoma cells; however, 
preliminary experiments suggest 
that the amount of CEA in different 
carcinomas varies, indicating gene 
expression is not an all-or-none 
phenomenon^* 


Matulane® (procarbazine HCl)? 


Working in conjunction with the 
original Canadian researchers and 
with investigators at over 100 lead- 
ing medical centers and research 
institutions throughout the United 
States, England and Canada, Roche 
Research has adapted, refined and 
evaluated this test for carcinoem- 
bryonic antigen (CEA) found ina 
variety of cancerous and noncan- 
cerous states. e 


CEA-ROCHE, a radioimmuno- 
assay, employs the Hansen Z-gel 


As the carcinoma disrupts the 
normal tissue architecture, cells 
penetrate the underlying tissue, and 
glycocalyx components including 
CEA enter the vascular system. 


^ ME ds method which is capable of detect- 
TE CUR t GEN : ioa ing and measuring plasma levels of ^ 
one WS blood vessel CEA in the nanogram (one billionth 


of a gram) range. The sensitivity of 
Diagrammatic representation of primary the assay has been shown to be 
10 
adenocarcinema of colon. As underlying 0.5 ng/ml of CEA. 
tissue is invaded by tumor cells, CEA is 
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an extensive clinical 
evaluation 


During the initial studies with CEA, 
it became clear that in order to 
obtain the reproducibility necessary 
to make the CEA assay an important 
and reliable diagnostic tool, strict 
standardization of procedure and 
reagents was required. Therefore, 
Roche embarked upon a unique 
investigational program. More than 
35,000 assays using standardized 
CEA-ROCHE reagents and proce- 
dure were run on samples from over 
10,000 patients at over 100 leading 


. medical centers and research 


ihstitutions. Identical protocols and 
reporting methods were also 
utilized, thereby subjecting the 
CEA-ROCHE assay to one of the 
most thorough and well-controlled 
evaluations made on a diagnostic 
test. 





Using the CEA-ROCHE assay, 
elevated CEA titers have been 
detected in carcinomas of ento- 
dermal and nonentodermal origin; 
in noncarcinomatous malignancies; 
in such nonmalignant diseases as 
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emphysema, inflammatory bowel 
disease and colorectal polyps; and 
in some healthy individuals, par- 
ticularly chronic smokers. The * 
following data were derived from 
these studies! 


58^ . 


CEA-ROCHE as an 
aid in the management 
of cancer 


When used in conjunction with other 
tests in tbe diagnostic armamen- 
tarium, this highly sensitive and 
quantitative radioimmunoassay has 
been shown to be useful as an aid 

in the management of the cancer 
patient 


* by monitoring the effects of 
surgery, radiotherapy and 
chemotherapy, 


* by providing a basis for 
re-evaluating therapy, 


* by determining the probable 
presence of metastatic disease, 

* by providing an early indica- 
tion of the recurrence or pro- 
gression of malignant disease. 


Decreases in CEA titers were 
reported to be associated with 
effective therapy.'*!’ Serial deter- 
minations of CEA proved to be of 
value in assessing the condition of 
„the patient during therapy. ?!* !5 
Persistent increases in titer were 
associated with a lack of response 
to therapy or a recurrence of disease; 
in some cases, the titer rise preceded 


CIE A-ROCHE 


C arcinoembryonic Anticen ASSI) 


Clinical applications 
Limitations 


clinical signs by as much as three 
months!* ?° Except for primary 
pancreatic and colorectal carcinoma, 
titers above 20 ng/ml were, with 
very rare exceptions, associated 
with the presence of metastatic 
disease?? However, metastatic 
disease may also occur when the 
CEA titer is below 20 ng/ml. 


CEA-ROCHE as an 
aid in the diagnosis 
of cancer 


The CEA-ROCHE assay has also 
been shown to be of value as an aid 
in cancer diagnosis. When used as 
an adjunct to other tests and proce- 
dures, the CEA-ROCHE assay has 
proven to be most useful 
* in patients with signs, symp- 

toms and clinical history 

suggestive of a diagnosis 

of cancer, 


* in patients with such diseases 
as ulcerative colitis, pulmonary 
emphysema, alcoholic cirrhosis 
and gastric and duodenal ulcers 
in which the risk of developing 
cancer is greater than in the 
corresponding normal 
population. 


These nonmalignant inflammatory 
diseases in their active state may 
give rise to CEA titers above 

2.9 ng/ml. These titers usually 
drop below 2.5 ng/ml when these 
diseases are in remission! ^?9?? 


In a special study of 883 patients, 
cigarette smoking with titer eleva- 
tions were associated with atypical 
sputum cytology.? Decreases in CEA 
titer often occurred within 30 to 

60 days after cessation of smoking. 


It must be stressed that test results 
and data arrived at using the 
CEA-ROCHE assay cannot be 
compared with results obtained by 
any other method or reagents. 


limitations of 


CEA-ROCHE 


CEA-ROCHE is not recommended 
as a screen to detect cancer. CEA 
titers are not an absolute test for 
malignancy, nor fora specific type . ` 
of malignancy. In the management 
and diagnosis of the patient sus- 
pected or known to have cancer, 

all other tests and procedures must 
continue to be given emphasis. 
CEA titers less than 2.5 ng/ml are 
not proof of the absence of 
malignant disease. 


representative case 
history of patient being 
treated for malignancy 


without known 
metastases 
16 
14 
12 Positive 
at 9 months 
10 
E 
HE 
o 6 
4 
2 
0 Surgery 
1 EO 3-4 2S à Tq 3 
Months Posttherapy 


A 42-yearold woman presented 
with a squamous-cell anal carci- 


` poma. CEA-ROCHE level at time of 


surgery was 0.6 ng/ml. CEA titer 
rose to 12.6 ng/ml 10 days later 
and was still 9.8 ng/ml 20 days 
after surgery. Upon discharge three 
months later CEA level was 

4.] ng/ml and there was no clinical 
evidence of disease. Six weeks 
later titer had risen to 8.8 ng/ml 


and then to 9.3 ng/ml after another 
30 days without any clinical sign of 
disease. Patient was hospitalized 
three months later and biopsy was 
positive for recurrence of cancer. 

In spite of initial low CEA value 
preoperatively, titer levels accu- 
rately reflected patient's condition 
and gave evidence of recurrence 
some 4 months prior to clinical 
signs. 


representative case 
history of patient being 
treated for malignancy 
with metastases 


X-ray 
revealed new 
lesions 


8 Chemotherapy 
initiated 


Reappearance 
s 





zô of lesion; 
Š chemotherapy T 
€ 5 reinstituted No clinical 
M nr change noted 
Q 4 
3 50% tumor 
reduction 
2 
l Patient gained weight 
and worked regularly 
0 AN —- 


J 4 5 6 7 
Months Posttherapy 


8 9 -10 ll 


Chemotherapy was initiated in a 
37-year-old man presenting with 
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synovial sarcoma and metastases to 
the lungs. The first CEA-ROCHE 
titer was performed three months 
later. Titer level was 6.2 ng/ml. In 
six weeks CEA titer dropped to 

3.0 ng/ml and a 50% reduction of 
tumor in the right upper lobe.of the 
lung was noted. One month later 
titer rose to 4.6 ng/ml and there was 
a reappearance of a left upper 
lung lesion. 


Chemotherapy was reinstituted and 
assays run at 2, 3, 5, 12 and 20 
weeks. There was no change in 
radiologicappearance of metastases. 
Patient gained weight and worked 
regularly. The CEA titers during 
this period were 3.8, 0.0, 0.5, 0.0 
and 4.6 ng/ml respectively. One and 
one-half weeks later, CEA titer rose 
to 10.0 ng/ml and a review of 

x-ray films revealed appearance of 
new lesions. 


The above representative case 
histories, using actual CEA-ROCHE 
titer readings and timing of assays, 
illustrate the correlation of results 
with published clinical studies. 


availability of 
CEA-ROCHE 


The CEA-ROCHE assay may be 
obtained through your hospital, 
institutional and private clinical 
laboratory obtaining the necessary 
reagents and procedure in a kit 
developed by Roche Diagnostics or 
as a direct reference service of 
Roche Clinical Laboratories, Inc. 


And, as with all our pharmaceutical 
agents, this assay may be obtained 
for your patients who are unable to 
afford it through the Roche Indigent 
Patient Program. 


CEA-ROCHE 


C ATrcinoemibryonic Antigen ASSAY 


A significant contribution to the 
management and diagnosis of cancer 


comprehensive 
information available 


Because of the clinical significance 
of CEA-ROCHE and the critical area 
of medicine involved, a compre- 
hensive Clinical Monograph con- 
taining in-depth information on the 
nature of the assay, its applications 
and interpretation as well as an 
extensive summary of the collabora- 
tive study has been prepared. 


It is recommended that this brochure 
be consulted before ordering or 
interpreting the CEA assay. You 
may obtain a copy by completing 
and returning the coupon below. 
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Microbicidal Power ` 


BETADINE Ointment 


Now...a variety of sizes to meet a variety of needs 


Packette 1/32 oz. 

Single-use size for degerming small skin 
areas, as inthe case of umbilical cord care 
and circumcision. 





Packette 1/8 oz. 

Single-use size for degerming small skin 
areas, as in the case of hyperalimentation 
and catheter care. 








F Tube 1 oz. 
E a ae "^ A Multiple-use size for treating common skin 
BETADINE; ointment “> infections... preventing infection in lacera- 
povidone-iodine = {> tions, abrasions and burns. 


Jar 1 Ib. 

Heavy-use size for treating infected stasis 
ulcers... burns...extensive skin areas or 
prolonged treatment. 


gi broad-spectrum microbicidal action — kills 

both gram-positive and gram-negative bac- 

teria (including antibiotic-resistant strains), 

fungi, viruses, protozoa and yeasts 

gm virtually nonirritating...does not stain skin 

and natural fabrics 

mw does not block air...site can be bandaged 
. water-soluble, washes off easily...not 








povidone-iodine  . 
SEPTIC- GERMICIDE — _ greasy or sticky...exerts prolonged action 


ET WT. 16 OUNCES (1LBJ 





Pu rd uUe Fred erick BETADINE RE 


© COPYRIGHT 1973, THE PURDUE FREDERICK COMPANY Chosen by NASA 
NORWALK, CONN. 06856 A7228 133673 ‘3 x 
x 





62^ , ) 






emember when 
milkcame in 
glass bottles? 





Someday vou wont 
remember when L\. 
solutions came that way! 


TRAVENOL VIAFLEX® Containers, introduced as a dramatic alternative 
to glass containers, are the first non-air dependent, shatterproof I. V. 
: solution containers. Today, more than half of all I.V. solutions we deliver in 


the U.S. are in VIAFLEX containers. 









let and cannula- no longer 


> 
& 
misiits. 
The TRAV ENOL TRU-FIT™ bevels are held secure by a 
Spinal Needle's stylet and tapered cannula that grips the stylet 
cannula are ground simul- in a friction fit. Chances of tissue 
taneously — shaping two coring and leakage of spinal fluid 
bevels as one. The matched are reduced. 
Y 
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100% silicone elastomer catheter 
-the material makes the 
difference. 


TRAVENOL SILICATH® Catheter reduces urethral irritation — a forerunner of 
urethral infection. The 100% silicone elastomer formulation provides greater flow 
rates with smaller French sizes and reduces encrustation. 






enetrates like a needle 
...cuts like a scalpel. | 


The TRAVENOL TRU-CUT® Biopsy Needle penetrates like a needle to speed up 
biopsy procedures. Specimens are not torn or twisted from the penetrated area 
as with conventional methods. The tissue is actually sliced by sharp cutting edges 





to provide larger, cleaner specimens. 


See directions for use accompanying each product. 


; pues to vour 
c RT OVCOLDRQON needs with newand 
better hospital products 


TRAVENOL LABORATORIES, INC. 


Deerfield, Illinois 60015 


vhen pain goes on... 
ind on EE i : 
ind on- 










 analgesic formula that calms instead of caffeinates 


the patjent with a terminal illness, PAIN past, present, and future can dominate 
houghts until it becomes almost an obsession. The more he is aware of the pain 
; now experiencing, the more difficult it is to erase his memory of yesterday's 

, and to allay his fearful anticipation of tomorrow's pain. 





ly the last thing this patient needs is an analgesic containing caffeine to stimulate ° 
senses and heighten pain awareness. A far more logical choice is Phenaphen 
Codeine. The sensible formula provides % grain of phenobarbital to take 

jervous "edge" off, so the rest of the formula can help control the pain more 

tively. Don't you agree, Doctor, that psychic distress is an important factor 

ost of your terminal and long-term convalescent patients? 


eg 


tn Brees 





Phenaphen with Codeine No. 2, 3, or 4 contains: Phenobarbital 





(4 gr.), 16.2 mg. (warning: may be habit forming); Aspirin 
(2% gr.), 162.0 mg.; Phenacetin (3 gr.), 194.0 mg.; Codeine 


phos 


phate, % gr. (No. 2), % gr. (No. 3) or 1 gr. (No. 4) (warning: 


may be habit forming). 


Indications: Provides relief in severe grades of pain, on low 
codeine dosage, with minimal possibility of side effects. Its use 
frequently makes unnecessary the use of addicting narcotics. 


Cont 


raindications: Hypersensitivity to any of the components. 


-Precautions: As with all phenacetin-containing products, ° 


= 


ay 










ssive or prolonged use should be avoided. Side effects: 
Miecte are uncommon, although nausea, constipation and 


3 to 4 hours as needed; Phenaphen No. 4 
to. 4 hours as needed. For further details see 


Act of 1970. Available on written 
&Erefilled 5 times within 6 
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Tablets—5, 10 and 25 mg. 
Spansule® capsules—10, 15, 30 and 75 mg. 
Injection—5 mg./ml. 

Suppositories— 275, 5 and 25 mg. 
Concentrate— 10 mg./ml. 

Syrup—5 mg./5 ml. 

Single Unit Packages—5 and 10 mg. tablets 
and 10, 15 and 30 mg. Spansule® capsules 


'Compazine' is a phenothiazine derivative with 
effective antiemetic activity. This antiemetic 
property is attributed to the action of Compazine 
on the medulla. Specifically, it selectively inhibits 
the chemoreceptor trigger zone (CTZ). Such in- 
hibition is believed to reduce input to the vomiting 
center to sub-threshold levels, producing prompt 
control of emesis from causes working through 
the CTZ (e.g., infections, drug toxicity, irradiation 
therapy). 
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Compazine 
® 
brand of 


prochlorperazine 


_ fast /dependable /effective 
. control of severe 


nausea and vomiting 


To avoid confusion with 25 mg. adult suppositories, 


prescriptions for 24 mg. suppositories should be 
written for “2⁄2 mg." rather than “2.5 mg.” 





Before prescribing, see complete prescribing information 
in SK&F literature or PDR. The following is a brief Summary. 


Indications 

Based on a review of this drug by the National Academy of 
Sciences— National Research Council and/or other informa- 
tion, FDA has classified the indications as follows: 


Effective: To control severe nausea and vomiting. For the 
management of the manifestations of psychotic disorders. 


Possibly effective: To control excessive anxiety, tension and 
agitation as seen in neuroses or associated with somatic 
conditions. 


Final classification of the less-than-effective indications 
requires further investigation. 





Contraindications: Comatose or greatly depressed states due to 
C.N.S. depressants; bone marrow depression; pediatric surgery. 


Warnings: Avoid using in patients hypersensitive (e.g., blood 
dyscrasias or jaundice) to any phenothiazine. Caution patients 
about activities requiring alertness (e.g., operating vehicles or 
machinery) especially during the first few days’ therapy. Pro- 
chlorperazine may intensify or prolong the action of other C.N.S. 
depressants. Not recommended for children under 20 pounds or 
2 years of age. 


Use in pregnancy only when potential benefits outweigh hazards. 


Precautions: Antiemetic effect may mask toxic drug overdosage 
or physical disorders. Postoperative aspiration of vomitus has 


occurred in a few surgical patients who received prochlorperazine 


as an antiemetic. Deep sleep and coma have been reported, 
usually with overdosage. In children with acute illnesses or 
dehydration, use only under close supervision. 


Adverse Reactions: Drowsiness, dizziness, amenorrhea, skin 
reactions. Hypotension. Cholestatic jaundice, leukopenia, 
agranulocytosis. Fatty changes in the liver have been observed 
in a few patients who died while receiving the drug (no causal 
relationship has been established). Neuromuscular (extrapy- 
ramidal) reactions: motor restlessness, dystonias, pseudo- 
parkinsonism, persistent tardive dyskinesia. Contact dermatitis 
is a possibility with concentrate and injectable forms. 


Other adverse reactions reported with Compazine (prochlorper- 
azine, SK&F) or other phenothiazines: Some adverse effects are 
more frequent or intense in specific disorders (e.g., severe hypo- 
tension in mitral insufficiency or pheochromocytoma). 


Grand mal convulsions; altered cerebrospinal fluid proteins; 
cerebral edema; prolongation and intensification of the action of 
C.N.S. depressants, atropine, heat and organophosphorus in- 
secticides; dryness of mouth, nasal congestion, headache, 
nausea, constipation, obstipation, adynamic ileus, inhibition of 
ejaculation; reactivation of psychotic processes, catatonic-like 
states; hypotension (sometimes fatal); cardiac arrest; pancyto- 
penia, thrombocytopenic purpura, eosinophilia; biliary stasis; 
lactation, galactorrhea, gynecomastia, menstrual irregularities, 
false-positive pregnancy tests; photosensitivity, itching, erythema, 
urticaria, eczema up to exfoliative dermatitis; asthma, laryngeal 


edema: angioneurotic edema, anaphylactoid reactions; peripheral 


edema; reversed epinephrine effect; hyperpyrexia; a systemic 
lupus erythematosus-like syndrome; pigmentary retinopathy; 
with prolonged administration of substantial doses, skin pig- 
mentation, epithelial keratopathy, and lenticular and corneal 
eposits. 
EKG changes have been reported, but relationship to myocardial 
damage is not confirmed. Discontinue long-term, high-dose 
therapy gradually. 
NOTE: Sudden death in patients taking phenothiazines (ap- 
parently due to cardiac arrest or asphyxia due to failure of cough 
reflex) has been reported, but no causal relationship has been 
established. 


Supplied: Tablets— 5, 10 and 25 mg., in bottles of 100; 
Spansule® capsules— 10, 15, 30 and 75 mg., in bottles of 50; 
Injection— 5 mg./mi.; Suppositories— 27? , 5 and 25 mg.; 
Syrup— 5 mg./5 ml.; Concentrate— 10 mg./ ml.; Single Unit 
Packages of 100— 5 and 10 mg. tablets; 10, 15 and 30 mg. 
'Spansule' capsules. 


Smith Kline & French Laboratories 
Division of SmithKline Corporation, Philadelphia, Pa. 19101 
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PODALIC POSITOR RIGHT ANGLE 
ONE MAN OPERATION FOR POSITIONING 
BELOW KNEE CASTINGS ] 


DURABLE MATERIALS THROUGHOUT * 
ASSURES LIFETIME, TROUBLEFREE SERVICE 


TRIPLE-M CO. 
1555 HADDON AVE. * CAMDEN, N. J. 08103 


(609) 966-0600 


CHANGE OF ADDRESS 


Change of Address: Please allow 60 days T 
before date of issue for change of address. 


Notification should include the old as well 


as the new address, with indication of 
whether the change is temporary or per- 
manent. Please give the name of the Jour- 


nal. 


Send Change of Address cards to: 


ANNALS OF SURGERY 
c/o Fulfillment Manager 
East Washington Square 
Philadelphia, Penna. 19105 
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‘CEFAZOLIN 


Parenteral 
Cephalosporin 
- Antibiotic 








SODIUM - 


Injection: 250 mg., 500 mg. and 1 gram 
Please see brief Summary of prescribing 
information on last page of this advertisement 























L M Offers the convenience of I.M. or I. V. administration. 
Pain on injection is infrequent with ‘Ancef’. 





CE 


CEFAZOLIN SODIU 


` 


-PILE 





(lyophilized) 


By either route... 


‘ANCEP’ produces high blood levels. 


(In a 3-part crossover study in 60 adult male volunteers, 
following a 500 mg. I.M. injection, a serum level of 36.8 ug./ml. 
was achieved at 1 hour: a level of 3.0 ug./ml. was still main- 
tained at 8 hours.) 


‘ANCEF’ Indications 


Respiratory tract infections due to D. pneu- 
moniae, Klebsiella species, H. influenzae, 

S. aureus and group A beta-hemolytic streptococci. 
Genitourinary tract infections due to E. coli, 

P. mirabylis, Klebsiella species and some strains 
of enterobacter and enterococci. 

Skin and soft-tissue infections due to S. aureus, 
group A beta-hemolytic streptococci and other 
strains of streptococci. 

Bone and joint infections due to S. aureus. 
Septicemia due to D. pneumoniae, S. aureus, 

P. mirabilis, E. coli and Klebsiella species. 
Endocarditis due to S. aureus and group A beta- 
hemolytic streptococci. 

Appropriate culture and susceptibility studies should be 


performed to determine susceptibility of the causative 
organism to Ancef. 


'ANCEF' is bactericidal against the 
following organisms in vitro: 


Staphylococcus aureus 
(penicillin-sensitive and penicillin-resistant) 
Group A beta-hemolytic streptococci and 
other strains of streptococci 

(many strains of enterococci are resistant) 


. Diplococcus pneumoniae Klebsiella species 
Escherichia coll Enterobacter aerogenes 
Proteus mirabilis Hemophilus influenzae 
Most strains of Enterobacter cloacae and indole-positive 
Proteus (P. vulgaris, P. morgani, P. rettgeri) are resistant. 


Methicillin-resistant staphylococci, serratia, pseudomonas, 
mima, herellea species are almost uniformly resistant to Ancef. 


ANCEF slarila cefazolin sodium 
has produced no nephrotoxicity 


in extensive clinical trials. 


(Transient rise in SGOT, SGPT, BUN and alkaline phbs- 
phatase levels has been observed without clinical evidence of 
renal or hepatic impairment.) 


Adverse Reactions 


Adverse reactions reported inthe clinical trials included: pain 
on injection, rash, G.I. symptoms, pruritus and phlebitis. For 
a complete list of adverse reactions associated with Ancef 
therapy please see brief summary of prescribing information 
on last page of this advertisement. 


‘ANCEFP’ Clinical Efficacy 


Number of % Good or 

Site of Infection Patients "Excellent" Response* 
Respiratory Tract Sif 93% 
Genitourinary Tract 544 939 

Skin and Soft Tissue 122 84% 

Blood and Lymph 69 81% 

Bone and Joint 35 80% 
Miscellaneous and 


Multiple Site 34 85% 


The preceding results were collected from identical clinical 
protocols with comparable criteria of efficacy 

*Excellent: Initial improvement at 1-3 days with maximum 
improvement between 3-7 days. Good: Initial improvement 
at 2-4 days with maximum improvement between 4-10 days 


See following page for a brief summary of prescribing infor 
mation including contraindications, warnings, precautions 
and dosage. 
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~~ .CEFAZOLIN SODIUM 








Before prescribing. see complete prescribing information in SK&F necessary. Serious anaphylactoid reactions require immediate 
literature emergency treatment with epinephrine. Oxygen. intravenous 
DESCRIPTION . steroids, and airway management, including intubation, should also 
Ancef~ (sterile cefazolin sodium, SK&F) is a semi-synthetic s be administered as indicated 
losporin for parenteral administration Itis the sodium salt of 3- | [(5 Usage in Pregnancy: Safety of this product for use during pregnancy 
methyl- 1, 3, 4-thiadiazol-2-yl)thio]methyl; -B-oxo- 7-[2-( 1H-tetrazol has not been established 
1-yl) acetamido]-5-thia- 1 -azabicyclo[4.2 O]oct-2-ene-2-carboxylic Usage in Infants: Safety for use in prematures and infants under 1 
acid The sodium content is 46 mg. per gram of cefazolin month of age has not been established 
ACTIONS E PRECAUTIONS 

Prolonged use of cefazolin sodium may result in the overgrowth of 


Microbiology: /n vitro tests demonstrate that the bactericidal action 
of cephalosporins results from inhibition of cell wall synthesis 
Ancef is active against the following organisms in vitro 


nonsusceptible organisms. Careful limi Observation of the patient 
IS essential 


When Ancef is administered to patients with low urinary « 'utput 
because of impaired renal function, lower daily dosage is required 
(see dosage instructions) A false positive reaction for glucose in the 
urine of patients on Ancef has occurred with Clinitest^ tablets 
Diplococcus pneumoniae Klebsiella species solution 


:cherichia c ero ^trer aerogene 

cies wei Prieto i genes ADVERSE REACTIONS 
E f € 3 usin inzae 1 p E ne - e 
roteus mirabilis CAPTCHA MUS FIF GST The following reactions have been reported 


Staphylococcus aureus (penicillin-sensitive and penicillin-resistant) 


Group A beta-hemolytic streptococci and other strains of strep 
tococci (many strains of enterococci are resistant) 


Most strains of Enterobacter cloacae and indole positive Proteus 

(P. vulgaris, P. morgani. P rettgeri) are resistant. Methicillin-resistant 
Staphylococci, serratia. pseudomonas. mima, herellea species are 
almost uniformly resistant to cefazolin 


Hypersensitivity: Drug fever, skin rash. vulvar pruritus, and 
eosinophilia have occurred 

Blood: Neutropenia, leukopenia, thrombocythemia and positive 
direct and indirect Coombs tests have occurred 


INDICATIONS Hepatic and Renal: Transient rise in SGOT. SGPT. BUN and alkaline 
Ancef (sterile cefazolin sodium. SK&F) is indicated in the treatment of phosphatase levels has been observed 
the following serious infections due to susceptible organisms Gastrointestinal: Nausea, anorexia, vomiting, diarrhea, oral can- 
Respiratory tract infections due to Diplococcus pneumoniae didiasis ( oral thrush) have been reported 
e lebsiella species. Hemophilus influenzae, Staphylococcus aureus Other: Pain at site of injection after intramuscular administration has 
(penicillin-sensitive and penicillin-resistant). and group A beta occurred, some with induration. Phlebitis at site of injection has been 
hemolytic streptococci noted 
a Injectable benzathine penicillin is considered to be the drug of choice DOSAGE AND ADMINISTRATION 
in treatment and prevention of streptococcal infections, including Ancef may be administered intramusc ularly or intravenously after 
the prophylaxis of rheumatic fever. Ancef is effective in the eradica- reconstitution 
tion of streptococci from the nasopharynx. however, data establish Dosage 
ing the efficacy of Ancef in the subsequent prevention of rheumatic In adults, usual dosage for mild gram-positive infections is 250 mg 
fever are not available at present to 500 mg. of Ancef every 8 hours. In acute leere disi urinary 
Genitourinary tract infections due to Escherichia coli, Proteus tract infections, a dosage of 500 mg. every 8 hours is usually ade- 
mirabilis, Klebsiella species, and some strains of enterobacter and quate In moderate or severe infections, the usual adi i dosage IS 
enterococ: 500 mg. to 1 gram of Ancef every 6 to 8 hours. Ancef has been 
Skin and soft-tissue infections due to Staphylococcus aureus administered in dosages of six grams per day in serious infections 
(penicillin-sensitive and penicillin-resistant) and group A beta such as endocarditis. Ancef may be used in patients with reduced 
hemolytic streptococci and other strains of streptococci renal function with the following dosage adjustments. In patients 
Bone and joint infections due to Staphylococcus aureus with mild to moderate impairment (creatinine clearance of 60-40 
SPI uu mi ./min.) 6076 of the normal daily dose given in divided doses q12h 
Septicemia due to Diplococcus pneumoniae, S taphylococcus should be sufficient In patients with moderate impairment (creatinine 
aureus | penicillin-sensitive and penicillin-resistant). Proteus mirabilis clearance of 40-20 ml / min ) 25% of the normal daily dose given in 
Escherichia coli, and Klebsiella species divided doses q12h should be sufficient. In patients with marked 
Endocarditis due to Staphylococcus aureus ( penicillin-sensitive and impairment (creatinine clearance of 20-5 ml / min ) 10% of the 
penicillin-resistant), and group A beta-hemolytic streptococci normal daily dose given q24h should be adequate. All dosage 
Appropriate culture and susceptibility studies should be performed recommendations apply after an initial loading dose of 500 mg 
to determine susceptibility of the causative organism to Ancef In children, a bi total daily dosage of 25 to 50 mg per kg (approxi- 
CONTRAINDICATIONS mately 10 to 20 mg. per OHUK SH of body weight, divided into three or 
'ANCEF'IS CONTRAINDICATED IN PATIENTS WITH KNOWN four edu Jal doses. is effective for most mild to moderately severe 
ALLERGY TO THE CEPHALOSPORIN GROUP OF ANTIBIOTICS infections. Total daily dose may be increased to 100 mg per kg. (45 
$ mg per pound) of body weight for severe infections. Since safety for 
WARNINGS use In premature infants and in infants under one month has not 
IN PENICILLIN-ALLERGIC PATIENTS, CEPHALOSPORINS been established. the use of Ancef in these patients ‘S not recom- 
SHOULD BE USED WITH GREAT CAUTION. THERE IS CLINICAL mended 


AND LABORATORY EVIDENCE OF PARTIAL CROSS-ALLER 

GENICITY OF THE PENIC ILLINS AND THE CEPHALOSPORINS 
AND THERE ARE INSTANCES OF PATIENTS WHO HAVE HAD 
REACTIONS TO BOTH HUC CLASSES (INCLUDING FATAL HOW SUPPLIED 


ANAPHYL AXIS AF TER PARENTE RAL USE) Ancef sterile cefazolin sodium. SKa Supplied In vials equivalent » 
to 250 mg . 500 mg.. and 1 gram of cefazolin 


For additional information on dosage and administration, see Dack 
age literature or contact your SK&F Hepresentative 


Any pat'ent who has demonstrated some form of allergy. particularly 
to drugs. should receive antibiotics. including Ance? (sterile Smith Kline & French Laboratories, Division of SmithKline Corp 
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Chances are 50/50 
_the next person to die of a heart attack 


will die before he ever reaches 
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You could be instrumental 
in bringing Mobile Coronary 
Care to your community. 

We can help you. 

We have the facts, 
figures, and a blueprint 
for action. 

Write us.. 


ACT FOUNDATION 


350 Gr ove Str eet 
Somerville, New Jersey 08876 
The ee 


den 
—sponsored as a public e by twe ^ leading 
pharmace then nM 


the hospital... 


unless you get into the AC 


DA 


ACT Foundation 
350 Grove Street 
somerville, New Jersey 08876 


Please send me information 
on how I can help establish a 
Mobile Coronary Care 
System in my community. 
Name 


Address 


FtL.. 
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When parenteral analgesia 
is no longer required, 
Empirin Compound with 
Codeine usually provides the 
relief needed. 





Sutures 





Empirin Compound with 
Codeine is effective for 
visceral as well as soft tissue 
pain—provides an antitussive 
bonus in addition to its 
prompt, predictable 
analgesia. 


m prescribing convenience: 
up to 5 refills in6months, 
at your discretion (unless 
restricted by state law); by 


telephone order in many states. 


Empirin Compound with 
Codeine No. 3, codeine 
phosphate* 32.4 mg. (gr. 12); 
No. 4, codeine phosphate* 
64.8 mg. (gr. 1).*Warning— 
may be habit-forming. Each 
tablet also contains: aspirin 
gr. 3%, phenacetin gr. 215, 
caffeine gr. 1⁄2. 


Burroughs Wellcome Co. 


Research Triangle Park 
Wellcome / North Carolina 27709 








Healing nicely, ' 
but it still | 





COMPOUND 
c CODEINE 


#3, codeine phosphate* (32.4 mg.) gr. ¥% | 
#4, codeine phosphate* (64.8 mg.) gr. 1 








